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MONG functioning adrenocortical tumors, those with activity confined 
largely to the secretion of pathogenic quantities of estrogens are by 

far the most unusual. In 1948 Wilkins (1) reviewed the data on 10 patients 
with ‘“feminizing”’ tumors which had led to gynecomastia and a variable 
regression of masculine characteristics, and contributed the details in 2 
more patients, one an adult studied by W. W. Scott and the other a 5-year- 
old boy. Four additional cases (2, 3, 4) have been reported since then. In 
most of these instances the tumors have been malignant and in all of them 
the development of the gynecomastia and other signs has been rather acute 
and intense. The patient to be described in this report differed from these 
in that he was shown to have a large benign tumor which was judged to 
have been present in a moderately active state for sixteen years, the over- 
secretion of estrogens leading to a relatively stable gynecomastia, mild hy- 
pogonadism and impaired spermatogenesis. The age at onset, the modera- 
tion of secretory activity and the chronicity of the condition made for some 
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confusion with similar syndromes featuring gynecomastia, thus emphasiz- 
ing the need for a sharpening of diagnostic criteria and a re-evaluation of 
the pathogenesis of gynecomastia in these other conditions. 


METHODS 


Preoperative and postoperative 24-hour urine specimens were collected, using tolu- 
ene as a preservative, and processed for estrogens (estrone, estradiol and estriol) as 
previously described (5). Pregnanediol was determined photometrically (6) in the 
neutral steroid moiety of the urine specimens mentioned before, and corticoids were 
determined by the method of Corcoran and Page with the following modifications. The 
urine specimen was acidified to pH 1.0 (glass electrode) with hydrochloric acid. After 
extraction with } volume of chloroform, it was stored overnight before extraction with 
additional chloroform was resumed. Urinary 17-ketosteroids were estimated by a modi- 
fied Holtorff-Koch procedure (7), using dehydroisoandrosterone acetate as a standard. 
Pettenkofer chromogens were determined by the method of Munson et al. (8). Ketonic 
separations, using Girard’s reagent T, were carried out in accordance with the tech- 
nique of Pincus and Pearlman (9). Pettenkofer chromogens and 17-ketosteroids are 
reported in terms of the chromogenic equivalent of free dehydroisoandrosterone. 


CASE REPORT 


The patient T.K. (Unit No. 520,017) was an unmarried 28-year-old Japanese machin- 
ist, who was distressed because of persistently enlarged breasts and a lag in genital de- 
velopment. He had no other complaints. The first signs of puberty were noticed at 
about the age of 12 when his phallus began to enlarge and the growth of pubic and 
axillary hair began. About the same time buttons of breast tissue were noticed. The 
breast growth continued at a noticeable rate for about three years, reaching a state of 
moderate overdevelopment, which in the ensuing thirteen years remained essentially 
unchanged. Sexual maturation was slow, lagging well behing that of his normal compan- 
ions. A slight deepening of the voice and a very scant beard were first noted at about 
16 years of age, but neither progressed much beyond this point. Sexual inclinations 
were normal and on a few occasions he had experienced satisfactory sexual relations. 
Nocturnal emissions were infrequent. No family history of a similar disorder was elicited. 

On physical examination (Fig. 1) he appeared perfectly healthy. He was 5 ft 3 in. tall, 
three inches shorter than his father, and weighed 124 pounds. There was a sizable scar 
in the right lower abdomen from a burn incurred in early childhood. The blood pressure 
was 120/80, and the pulse rate was 80/min. The breasts and nipples were moderately 
enlarged, with prominent darkly pigmented areolae. The phallus was smallish; the 
testes were small but firm, measuring 1.52.0 cm. each. The prostate was easily pal- 
pated, rounded, but definitely smaller than would normally be expected in a young 
adult. Pubic and axillary hair were abundant, though the pubic hair followed the female 
pattern. He had practically no beard. His voice was moderately high pitched. 

Routine laboratory studies were as follows: RBC 4,690,000; hemoglobin 14.89 Gm.; 
WBC 7,200; differential, 86 per cent polymorphonuclears and 14 per cent lymphocytes. 
The urine contained no albumin or reducing substances and microscopic examination 
gave negative results. Two seminal ejaculates contained 7,000,000 and 10,500,000 
spermatozoa per ml., a maximum of 25 per cent of the spermatozoa exhibiting normal 
motility (Table 1). The urinary 17-ketosteroid excretion was 30 mg. per twenty-four 
hours in the crude neutral extract, and 25.3 mg. in the purified ketonic fraction. The 
ketonic Pettenkofer chromogens, which have been regarded as an indication of the 
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TABLE 1. SEMINAL EJACULATES 








Volume Mor- 


(ml.) Motility pholéey Remarks 


Date Count/ml. 





Feb. 28, 1951 10,500,000 3.0 25% 
Apr. 28, 1951 7,000,000 2.5 few 20% Testes biopsy June 15, 
normal 1951. 
Sept. 7, 1951 8,500,000 3.0 90% Adrenal tumor removed 
July 16, 1951. 
Oct. 1, 1951 10,500 ,000 
Nov. 30, 1951 81,000,000 


50% 
60% 70% 
normal 


0 
0 


Jan. 19, 1952 55,000,000 : 70% 
May 3, 1952 40,000,000 ; 75% 90% Testes biopsy June 20, 
normal 1952. 





Fig. 1. T.K., after surgical removal of breast tissue. 
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17-ketosteroid dehydroisoandrosterone and related steroids (10), were 15 mg. per 
twenty-four hours (normal 1-13 mg.). Formaldehydogenic corticoid excretion was 0.94 
mg. per twenty-four hours, a normal value, but urinary pregnanediol was elevated to 
1.92 mg. per twenty-four hours. An intravenous pyelogram revealed a large calcified 
tumor in the left adrenal area (Fig. 2). Other indicators of adrenocortical function dis- 
closed no measurable defects. The serum electrolyte concentrations were normal. The 
ability to respond to a water load by diuresis (Kepler) was intact. After drinking 1,100 
ml. he voided 60, 570, 240 and 60 ml. at hourly intervals. The administration of 150 mg. 


Fig. 2. Intravenous pyelogram, showing large calcified adrenal tumor. 


of ACTH per day in divided intramuscular doses produced a fall in eosinophils from 
569 to 344 and a rise in 17-ketosteroid excretion of from 22 to 29 mg. per twenty-four 
hours (ketonic fractions). Urinary estrogens estimated after simple hydrochloric acid 
hydrolysis were 86 y of estrone, 15 y of estradiol, and 57 y of estriol; after Zn-HCl hy- 
drolysis, 8 y of estrone, 114 y of estradiol and 74 ¥ of estriol. 

In the first of two operative procedures, parenchymal and fatty tissue weighing 40—50 
Gm. was excised from each breast and a testicular biopsy was performed; in the second 
operation a 200-Gm. tumor of the left adrenal was removed. After both procedures the 
postoperative course was moderately febrile but no evidence of an adrenocortical de- 
ficiency was noted. 

Following the removal of the tumor the development of secondary sex characteristics 
advanced with considerable rapidity. Within six months his voice had deepened to such 
a degree that it was not recognized by close acquaintances, and the frequency of neces- 
sary shaving increased from once to twice a week. At the same time both the quality and 
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quantity of spermatozoa in ejaculates improved (Table 1). Several normal ejaculates 
were secured, and none of the specimens after the third postoperative month could be 
stated to be.deficient. The testes remained about the same size. A second testicular bi- 
opsy was performed twelve months after the second operation. 

Three weeks after excision of the adrenal tumor urinary 17-ketosteroid excretion 
dropped to 10 mg. per twenty-four hours in the crude extract (8 mg. in the ketonic 
fractions) and the Pettenkofer chromogens to 2.4 mg. total (0.8 ketonic). Both values 
remained approximately the same for the next eight months. The formaldehydogenic 
corticoid excretion was unchanged, 0.9 mg. per twenty-four hours. The urinary estro- 
gens following simply hydrochloric acid hydrolysis measured only 9 y of estrone, 10 y 


Fig. 3. Adrenal tumor (X28). 


of estradiol and 13 y of estriol per twenty-four hours. Pregnanediol excretion dropped 
to a negligible value, 0.035 mg. per twenty-four hours. 
The pathologic specimens were described as follows: 


Adrenal tumor 


Gross: The nearly globular tumor, 7 cm. in its greatest diameter, weighs 210 grams. 
Flattened remnants of adrenal cortex are fused with the thick capsule and an undeformed 
rim projects as a small ridge. Variegated cut surfaces, red, yellow and tan, are sub- 
divided by coarse, tough, pale trabeculae which grate against the knife. 

Microscopic: Great variations from area to area are seen on microscopic study (Figs. 
3 and 4). Large masses of tumor tissue have undergone ischemic degeneration, with is- 
lands of living tumor cells surrounding patent blood vessels. Calcified spicules are nu- 
merous in the stroma of ischemic areas and bone has been formed focally. In well pre- 
served portions large ovoid and polyhedral tumor cells grow in cords or in broader 
medullary trabeculae, separated by thin-walled blood vessels (Fig. 3). Sinusoidal blood 
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Fig. 4. Adrenal tumor (950). 


vessels occur focally. Cellular and nuclear pleomorphism are moderate but variations 
in size are considerable. Giant and binucleate cells are seen in places. Although the cyto- 
plasm of many cells has a coarsely granular or foamy appearance peripherally, sudano- 
philiclipids are scanty, except in degenerated cells. The central cytoplasmic mass of 
acidophilic material approaches, but never quite reaches the density of hyalinization. 














October, 1954 ESTROGEN-SECRETING ADRENAL TUMOR 1103 


This feature is best seen in the larger cells not transected through their eccentric nuclei 
(Fig. 4). Nuclear characteristics are those of slowly continuing growth. Coarse chromatin 
aggregates and nucleoli and more than one nucieolus are numerous. However, karyo- 
kinetic figures are of great rarity. 

The non-compressed portion of the adrenal gland includes medulla and a complete 
cortex of normal thickness on each side. Pale, foamy, lipid-rich cells are scanty. They oc- 
cur just below, and sometimes in the position of the glomerular zone, and in sparse 
patches in the middle of the fascicular zone. For the rest, cytoplasmic eosinophilia is 
increased. The transition from fascicular to reticular zone cords is not sharp. Brown pig- 
mented cells are found only close to the medulla. 

This adrenocortical tumor is unlike any of the nonfunctioning cortical tumors 
studied by us, and unlike any of those associated with Cushing’s syndrome. The only 
one in our collection which is similar is the feminizing tumor reported by Scott (1). 


Breast tissue 


Gross: The two pieces of mammary tissue, roughly 11.5 7X2 cm., are reddish pink 
and irregularly firm. The cut surfaces are gray with yellow spots and are only slightly 
nodular. 

Microscopic: The breast tissues are similar. Scattered ducts lie far apart in very dense 
cell-poor collagenous tissue. No lobular groups of small ducts are present. There is 
little or no loose periductal tissue of the type characterizing the active phase of gyne- 
comastia, and few lymphocytes are found near the ducts. The epithelial cells are hyper- 
chromatic and crowded, but no piling up or sprouting of cells is evident. 

Impression: Bilateral gynecomastia of sclerotic inactive type. 


Testes (first biopsy) 


Gross: The soft brown testicular biopsy specimen measures 0.2 X0.8 X0.4 em. 

Microscopic (Fig. 5): Scattered groups of atrophic hyalinized tubules, and an occa- 
sional narrowed arteriole with a thick hyaline wall are chronic retrogressive changes, 
probably not relevant to the major problem. The majority of the tubules are within 
the normal range with respect to size and to the thickness of the basement membrane. 
Many of them are further apart than normal, being separated by a loose edematous 
stroma. The eosinophilia of the edematous interstitium suggests a fluid of high protein 
content. Interstitial cells of Leydig are moderately and probably normally plentiful. 
Some of them have pale or vacuolated cytoplasm, and large crystalloid inclusions are not 
apparent. Evaluation of spermatogenesis is complicated by the inevitable effects of 
handling the biopsy specimen. Many tubules have lost their lining cells, and some are 
merely samples of cells obtained by ‘‘milking” the tubules. Allowing for artifacts, there 
is no doubt of a marked hypospermatogenesis and of irregularities of maturation, with 
the production of very few mature sperm. From study of the less damaged tubules, it is 
clear that abnormalities of the basal spermatogonia are severe and extensive. Many 
of them are small, pyknotic or fading, or of irregular form. That some of these are 
degenerating is suggested by segments of tubular wall where Sertoli cells only rest on the 
basement membrane. Normal spermatogonia, large vesicular forms, cells with huge 
dark nuclei, and multinuclear cells, all are found in the basal-cell zone. Cells are seen 
which have up to four nuclei, often variable in size or form. Despite the greater diffi- 
culty in evaluating the stages of maturation, there is no doubt of greater variability 
within a single tubule than is normal, and of variability between tubules greater than 
would be explained by the wave of maturation. Meiotic skeins are fewer than would be 
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Fig. 5. Histologic section from preoperative testicular biopsy specimen (520). 
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expected. The relative numbers of late generation spermatocytes and spermatids are 
high, especially in relation to the few mature sperm heads. 

Impression: Testis with hypospermatogenesis, aberrations of maturation, and oligo- 
spermia. (Interstitial cells probably normal. Minor atrophic and arteriosclerotic changes 
probably without significance.) 


Testes (second biopsy) 


Gross: The biopsy specimen, 0.1 X0.3 X0.2 cm. in size, is received fixed in Bouin’s 
solution. 

Microscopic (Fig. 6): The present biopsy picture is strikingly different from the earlier 
one. Allowing for the distortions which cannot be avoided in a bidpsy specimen, this 
specimen certainly approaches the normal, 7.e., the usual pattern. As before, there are 
a few small hyalinized tubules, or small tubules with hyaline basement membranes and no 
maturing cells. Some of these are full of trapped spermheads. Others have cellular‘debris 
in their lumens. There are a few grouped cystic tubules with empty lumens. The artifacts 
due to crushing and to milking of tubular contents make it difficult to demonstrate 
the orderly processes of maturation within tubules. However, there are many tubules in 
which the usual cellular components from spermatogonia to spermatozoa may be ob- 
served. In some tubular segments the sequence to spermatids and spermatozoa is 
orderly. Interstitial cells are norinally plentiful, and appear to be normal. 

Impression: Testicular biopsy tissue essentially normal. (The abnormalities are minor, 
and are not significantly different from those encountered in chance biopsy specimens of 
testes of normal adults.) 


DISCUSSION 


Had the patient (T.K.) presented himself during his pubescent years it 
is quite likely that the breast enlargement would have been discounted as 
pubertal gynecomastia of the usual sort. Appearing as he did at the age of 
28, the initial impression was that he represented a variant of the syndrome 
described by Klinefelter, Albright and Reifenstein (11) in which gyneco- 
mastia is associated with hyalinization of the seminiferous tubules, vari- 
able degrees of hypogonadism, and high urinary gonadotropin titers. The 
first hint that we were dealing with a different syndrome was the urinary 
17-ketosteroid excretion of 25.3 mg. in the Girard purified ketonic extract. 
This high normal excretion of 17-ketosteroids in a moderately hypogonadal 
man in whom it was anticipated that any deviation would have been in the 
opposite direction suggested the possibility of an adrenocortical disorder; 
and the slightly elevated excretion of ketonie Pettenkofer chromogens (15 
mg. per twenty-four hours) greatly strengthened this suspicion. Thus, fol- 
lowing the x-ray demonstration of an adrenal tumor, the most attractive 
hypothesis was that the hypersecretion of estrogens by the tumor ac- 
counted for the entire clinical picture. 

Preoperatively the total urinary excretion of estradiol, estrone and estriol 
(Table 2) was at least five times the quantity excreted by normal men. 
Since the Zn-HCl hydrolysis resulted in only a slight increase in the total 
estrogen titer, it can be said that little, if any, highly oxidized estrogens 
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Fig. 6. Histologic section from testicular biopsy specimen taken approximately a 
year after removal of adrenal tumor (520). 


such as 16-ketoestrone were excreted. No data are presently available 
which would enable one to describe the estrogen excretion pattern (7.e., the 
relative amounts of estrone, estradiol and estriol) as being characteristic of 
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TABLE 2. URINARY STEROID EXCRETION—PREOPERATIVE 
AND POSTOPERATIVE 











Tistisiihiatiais Preoperative Postoperative 
values per 24 hrs. values per 24 hrs. 
Estrogens (simple HCl hydrolysis)...... | Estrone—86y _ Estrone—9y 
Estradiol—15y 7 Estradiol—10y 
Estriol—57y Estriol—13y 
Estrogens (Zn-HCl hydrolysis)......... Estrone—8y 
Estradiol—114y 
Estriol—74y 
17-Ketosteroids (total)................. 30 mg. 11.1° mg. 
17-Ketosteroids (ketonic).............. 25.3 mg. 8.1 mg 
Pettenkofer chromogens (total)......... 29.7 3.7 
Pettenkofer chromogens (ketonic)...... 15.4 mg. 0.8 mg. 
Pettenkofer chromogens (nonketonic). . . 4.7 mg. 0.7 mg. 
Farmaldehydogenie corticoids.......... 0.94 mg. 0.9 ~ mg. 
FrReenenioe es se she pat 1.92 mg. 0.034 mg. 





an adrenal source. Indeed, all efforts to name the gland of origin of urinary 
estrogens from such patterns are seriously handicapped by the active inter- 
conversion and inactivation of the estrogens by the liver and perhaps other 
tissues (12). Nevertheless, the quantity and the pattern of excretion of 
estrogens in this patient was similar to that seen in most normal men re- 
ceiving 2 mg. per day of estrone (13), which is the only estrogen to have 
been isolated from adrenal extracts (14). The daily secretion of this quan- 
tity of estrone would probably be sufficient to induce and maintain persist- 
ent gynecomastia and suppress testicular function. 

The elevated excretion of ketonic Pettenkofer chromogens, which is in- 
dicative of a heightened excretion of dehydroisoandrosterone, is a point of 
some importance in adrenal steroid economy. As far as is known, this 
steroid is derived exclusively from adrenal precursors—it and its deriva- 
tives probably accounting for a major portion of the 17-ketosteroids of ad- 
renal origin (15, 16). Its excretion is enhanced by stimulation of the nor- 
mal adrenal cortex with ACTH (16, 17) and it may also be excreted in ex- 
cessive amounts in Cushing’s syndrome and in adrenal virilism, particu- 
larly when these conditions are ascribable to functioning adrenal tumors 
(18). The enhanced excretion of dehydroisoandrosterone, as indicated by 
the Pettenkofer reaction in our patient, is the second such demonstration 
in individuals with ‘feminizing’’ adrenal tumors. In Scott’s case approxi- 
mately 94 per cent of the 189.8 mg. of 17-ketosteroids excreted each day 
was in the 36 hydroxy fraction, presumably dehydroisoandrosterone; and 
70 mg. of this compound was actually isolated. No clinical indication of 
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excessive androgen secretion was apparent in either of these cases. Al- 
though the ketonic Pettenkofer chromogens and 17-ketosteroids dropped 
sharply after removal of the tumor in T.K., the urinary excretion of ad- 
renal corticoids (formaldehydogenic steroids) (Table 2) was unaffected, 
thus suggesting that the increased urinary excretion of dehydroisoandro- 
sterone was related to the secretion of estrogen and not androgen or corti- 
coids. The liberation of dehydroisoandrosterone or a precursor, in associa~ 
tion with the secretion of either corticoids, androgens or estrogens, suggests 
a common role. It is possible, for example, that dehydroisoandrosterone, 
which has the same steroid configuration as cholesterol, may be either an 
intermediary or a by-product in the conversion of cholesterol to each of 
these types of hormonal substances. 

Some uncertainty surrounds the meaning of the heightened excretion of 
pregnanediol (1.92 mg.). Although it is tempting to suggest that proges- 
terone was its precursor (19), and hence that progesterone may have con- 
tributed to the development of the gynecomastia, the fact that the breast 
tissue consisted of ductal growth and collagenous periductal proliferation 
with no acinar development argues against the idea (20). On rare occasions 
desoxycorticosterone, another known precursor of pregnanediol, has in- 
duced breast growth in men with Addison’s disease (21); but the amount 
necessary to produce the pregnanediol excretion just noted is massive, and 
over an extended period probably in the toxic range (22), making it unlike- 
ly that it is the source of the pregnanediol in this instance. An increased 
pregnanediol excretion has also been noted in adrenal virilism (19) and 
probably following stimulation of the adrenal cortex with ACTH (23), but 
its precursor in these circumstances has not been identified. A> Pregneno- 
lone, which is also converted to pregnanediol in vivo (24), should be consid- 
ered in this connection. This interesting steroid, which may possess hormonal 
properties, could bear a relationship to adrenal hormone synthesis similar 
to that suggested for dehydroisoandrosterone. It possesses the same steroid 
configuration as cholesterol, and has been demonstrated to be a precursor 
in the in-vitro biosynthesis of compound F and related corticoids (25). Re- 
gardless of the identity of the adrenal precursor of urinary pregnanediol, 
its presence in substantial amounts in the urine of men may well serve as 
an indicator of adrenocortical overfunction or dysfunction. 

On the basis of the biochemical confirmation discussed here, the develop- 
ment and maintenance of this syndrome may be ascribed to the chronic 
moderate oversecretion of estrogen, gynecomastia standing out as the 
characteristic peripheral manifestation. The mild hypogonadism and per- 
haps the suppressed spermatogenesis may similarly be explained by the 
direct antagonism of estrogens to the effects of androgen (26). It is more 
likely, however, that the hypogonadism and hypospermatogenesis are pre- 
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dominantly the result of the suppression of pituitary gonadotropin secre- 
tion by the high titer of circulating estrogens. Whatever the exact mecha- 
nism, it is clear that the testicular damage was to all intents reversed by the 
removal of the tumor. The rapid postoperative advancement in masculine 
secondary sex characteristics, the marked improvement in the quality of 
ejaculates, and the spectacular transformation of the testicular histology 
from distinct hypospermatogenesis to a normal appearance serve as a 
dramatic demonstration that the testes are not permanently injured by at 
least sixteen years of hyperestrogenism. 

The discovery of an estrogen-secreting tumor in this case points up the 
need for a reconsideration of the role of estrogens in similar syndromes in 
which the etiology of the gynecomastia is obscure. The relatively few uri- 
nary estrogen studies reported in the syndrome described by Klinefelter 
and his associates (11) have not been indicative of hyperestrogenism; but 
to our knowledge none of these patients has been subjected to studies in 
which the newer biochemical methods for estrogen estimation have been 
employed. Only occasional patients with pubertal gynecomastia have been 
shown by bioassay to excrete excessive amounts of estrogens (27). Andro- 
gens and anterior pituitary principles (28), as well as progesterone and des- 
oxycorticosterone, may well be of etiologic importance in some cases of 
gynecomastia. However, the extreme sensitivity of breast tissue to estro- 
genic hormones, the wide experience that estrogens may induce gyneco- 
mastia, and the small and extremely variable proportion of administered 
estrogen which can be recovered in urine (13) compel us to employ the most 
sensitive and definitive assay procedure available before discounting their 
influence. ; 

It is appreciated that moderately active estrogen-secreting adrenal 
tumors are rare, but the almost fortuitous diagnosis of this one raises the 
problem of the differentiation of similar cases from other patients with 
gynecomastia. The syndrome described by Klinefelter and his associates 
(11) should be readily distinguished by the castrate levels of urinary 
gonadotropin, a finding that would not be anticipated in patients with 
estrogen-secreting tumors. In similar patients with a normal or perhaps 
diminished gonadotropin excretion, the estimation of urinary 17-keto- 
steroids and ketonic Pettenkofer chromogens might be useful; but these 
values could be well within normal limits, as attested by the normal 17- 
ketosteroid excretion in the patients of Mortenson and Murphy (3) and of 
Dohan and associates (4). The determination of estrogens by a sensitive 
procedure would be of obvious value, but such methods are difficult and, 
at present, not generally available. In view of the pregnanedioluria in this 
case, the estimation of urinary pregnanediol (which is a relatively simple 
procedure) might well be considered as a screening technique. In 2 recently 
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reported cases of persistent pubertal gynecomastia (27) an increased excre- 
tion of pregnanediol was noted. No adrenal tumors were discovered by rou- 
tine diagnostic procedures, but this finding would now seem to justify a 
more extensive search for adrenal disease. 







SUMMARY 






1. Gynecomastia, mild hypogonadism and hypospermatogenesis of six- 
teen years’ duration were induced by a benign estrogen-secreting adrenal 
tumor. Following removal of the tumor masculine secondary sex character- 
istics advanced and normal spermatogenic function was restored. 

2. Microscopically, this tumor and another estrogen-secreting adrenal 
tumor could be distinguished from nonfunctioning and from corticoid-se- 
creting tumors. 

3. Before removal of the tumor, urinary 17-ketosteroid excretion was 
within normal limits but elevated for a hypogonadal man; ketonic Petten- 
kofer chromogens indicative of urinary dehydroisoandrosterone were in- 
creased; urinary estrogens measured chemically were five times the normal 
amount, and pregnanediol excretion was also elevated: 

4. In the absence of an elevated gonadotropin excretion, the estimation 
of the foregoing urinary steroids may be of value in pointing toward an 
estrogen-secreting adrenal tumor as the cause of unexplained gyneco- 
mastia. 

5. The desirability of re-evaluating the role of estrogens in other syn- 
dromes with gynecomastia in emphasized. 
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ROLE OF THE GROUND SUBSTANCE IN ATROPHY 
OF NORMAL AND MALIGNANT PROSTATIC 
TISSUE FOLLOWING ESTROGEN ADMINIS- 

TRATION AND ORCHIECTOMY 
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The James Buchanan Brady Urological Institute, The Johns Hopkins Hospital, 
Baltimore, Md. 


EFORE Huggins and his associates (1) made their observations on the 

effect of estrogen and castration on prostatic cancer, other workers (2, 

3) had pointed out the dependence of prostatic size on the presence of a 

testicular substance. That estrogen, in the intact animal, would inhibit 

prostatic growth in the immature rat or decrease normal adult prostatic 

size was reported by Steinach and Kun (4), and Moore and Price (5). Sim- 
ilar observations were made by others (6, 7). 

The nuclear pyknosis and general loss of cytologic detail in hyperplastic 
or carcinomatous prostatic epithelium, treated by castration or with estro- 
gens, has been described in detail (8-11); but for the most part, this has 
been the limit of histologic study. The local mechanism through which this 
atrophy occurs has not been clearly described. Little consideration has 
been given to the possibility that structural alterations in the encompassing 
connective tissue stroma may play an important role in the causation of 
the changes seen in the prostate after orchiectomy or estrogen therapy. 
Several workers (12, 13, 14) however, have described “‘fibrosis’” in the pros- 
tate after antiandrogen therapy. It is the connective tissue stroma of the 
prostate with which we are here concerned. 

The connective tissue of the prostate, like that of other organs in the 
body, has both a fibrillar and a nonfibrillar component. The fibrillar com- 
ponent consists of collagenous, reticular and elastic fibers, all stainable with 
a variety of connective tissue stains. The nonfibrillar component is the 
“ground substance” or intercellular cementing substance, the principal 
component of which is a glycoprotein, that is, a protein which contains a 
carbohydrate component as an integral part of its molecule (15). This 
material may be stained with metachromatic dyes and also with the periodic 
acid-leucofuchsin method. Through this matrix of amorphous ground sub- 
stance pass the fibrillar components of the connective tissue. 
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Recently, several workers (15-19) have pointed out the important role 
of the ground substance and basement membrane in the pathogenesis of 
certain disease processes. Of particular interest is the concept advanced by 
Gersh and Catchpole (15) of the physical state of the ground substance. 
They postulate that the glycoprotein of the ground substance is in a poly- 
merized form, and that the consistency may vary with the degree of poly- 
merization. 

We shall concern ourselves in this paper only with the ground substance 
of the connective tissue stroma and the related homogeneous component of 
the basement membrane in the prostate gland of man and of rat. The base- 
ment membrane, like the ground substance of connective tissues, generally 
consists of a fibrillar and anonfibrillar component. In the region immediately 
adjacent to most epithelial surfaces, the ground substance is altered to a 
denser, less “‘liquid”’ form. This altered region constitutes the homogeneous 
component of the basement membrane (15). It is apparent that cell nutri- 
ents, waste products of cell metabolism, and gases must pass through the 
ground substance of the connective tissue, which includes the basement 
membranes of blood vessels and acini. 

To test the hypothesis that the connective tissue of the prostate (ground 
substance in particular) can be altered by hormones, several convergent 
studies were undertaken. The glycoprotein of the ground substance of rat 
prostates, normal, orchiectomized, and estrogen-treated were studied. 
Similar studies were made on human prostates, using tissues of both estro- 
gen-treated and untreated cancer. 


MATERIALS AND METHODS 


Human prostate. Prostatic tissue was obtained either as a perineal prostatic biopsy 
specimen or by perineal prostatectomy from 3 patients with untreated prostatic cancer 
and 3 patients with prostatic cancer treated with estrogen. 

Rat prostate. Tissue from the ventral portion of the prostate gland of 2-year-old albino 
rats (Mnr strain!) was studied under two sets of experimental conditions: a) subcutaneous 
implantation of 10-mg. pellets of alpha-estradiol benzoate? one week before sacrifice (10 
animals), and b) castration one week before sacrifice (10 animals). Ten untreated ani- 
mals were anesthetized with ether and bled to death by cardiotomy. 

The human tissues were frozen in isopentane cooled to about —155° C. in liquid 
nitrogen. This procedure was carried out immediately after the tissue was removed by the 
surgeon in the operating room. The tissues were then transported, still frozen, to the 
laboratory where they went through the following procedures. 

In the rat, a small portion of the ventral prostate was rapidly removed and frozen 
immediately in the isopentane cooled to about —155° C. in liquid nitrogen. This tissue, 
as well as the human tissue, was then dehydrated in vacuo at —30° C. for. forty-eight 
hours in a simplified freezing-drying apparatus (20). When dry, the tissue was infiltrated 
in vacuo in 52° C. paraffin and then embedded in similar material. 





1 From the Manor Farms. 
2 Furnished through the courtesy of Ayerst, McKenna & Harrison, Ltd. 
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This method of fixation is superior to the more commonly used histologic techniques, 
because it avoids denaturation of proteins, reduces diffusion of cellular materials to a 
minimum, and eliminates most postmortem changes. 

Both rat and human material were sectioned at 8 u and 10u. The sections were mounted 
flat on slides by finger pressure and slight heat. Paraffin was removed by immersion in 
petroleum ether. The sections were denatured in absolute alcohol overnight, either 
directly, or after the application of extractives to be described. They were then stained 
with the periodic acid-leucofuchsin technique of MeManus (21, 22) and Hotchkiss (23). 
This staining reaction visualizes polysaccharides and protein-bound or lipid-bound 
reactive compounds such as glycogen, glycoprotein and glycolipid. The reaction depends 
on the oxidation of vicinal hydroxyl or hydroxyl-amino groups to aldehyde, which reacts 
with the leucofuchsin to form a rose-purple colored addition product. 

The total reactive material in a section is visualized by denaturing in absolute alcohol, 
and staining in periodic acid-leucofuchsin 

Since our study was confined to changes in the glycoprotein of the ground substance 
and basement membrane, the possibility of a reactive glycolipid or glycogen in these 
regions had to be eliminated. Sections were incubated in a chloroform-methanol solu- 
tion, 1:1, for sixteen hours at 60° C., to remove any reactive lipid (24). Other sections 
were denatured in absolute alcohol overnight and then incubated at 37° C. with saliva 
at pH 7.0 for from one to four hours, to remove glycogen. There was no decrease in the 
staining reaction after either procedure, indicating that there is little or no glycogen or 
glycolipid in the interacinar spaces and along the basement membrane. From these and 
previous studies (15, 25, 26), we concluded that the stainable material in the ground sub- 
stance and basement membrane is a glycoprotein or mucopolysaccharide protein rather 
than glycogen or glycolipid. 

The stainable glycoprotein of the ground substance in various tissues investigated 
(15, 27) is water-insoluble under normal conditions. This substance, however, can be 
removed from the section by the prolonged action of the enzyme present in the toxin 
of Clostridium welchii (collagenase). Also, in the region of tissue injury and areas of 
tumor growth, the stainable glycoprotein becomes soluble in buffer at pH 7.0 (15, 27). 
The prostate gland, however, has not heretofore been investigated in regard to the state 
of the ground substance. w. 

To evaluate the degree of polymerization of ground substance, sections of prostate 
were covered with buffer pH 7.0 for up to sixty hours at 37° C., denatured overnight in 
absolute alcohol, and stained by the Hotchkiss method. Untreated sections were stained 
directly, to reveal the total insoluble reactive material in the section. Other sections 
were treated for up to sixty hours at 37° C. with a solution of Cl. welchit toxin’ diluted 
1:5 with buffer pH 7.0, or with a solution of hyaluronidase‘ in buffer pH 7.0 (1 mg./cc.). 


RESULTS 
Rat prostate 


The distribution and intensity of reactive glycoprotein material in the 
connective tissue of the normal rat prostate is clearly shown’ in Figure 1. 





’ Furnished through the courtesy of Dr. M. 8. Cooper, Lederle Laboratories Divi- 


sion, American Cyanamid Co. 
4 Furnished through the courtesy of Wyeth Co. 
5 All photomicrographs were made, using a combination of Wratten No. 45 and Wrat- 


ten No. 58 filters. 
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After treatment with buffer for sixty hours there is a slight increase in in- 
tensity of the staining reaction of the basement membrane. After the ap- 
plication of the toxin of Cl. welchii for sixty hours the basement membrane 
is, for the most part, no longer stainable. Occasional amorphous strands of 
pink-staining material are seen in the area usually occupied by the denser 
homogeneous basement membrane. The ground substance usually seen in 
the interacinar spaces is absent (Fig. 2). 

After the administration of estrogen, the staining intensity of the base- 


Fia. 1. Total periodic acid-leucofuchsin reactive material in the prostate of a normal 
2-year-old rat. Note density of the basement membrane and interacinar ground sub- 


stance. 500. 


ment membrane is much greater after buffer extraction than in the normal 
untreated prostate. The application of Cl. welchit toxin for sixty hours at 
37° C. does not in any way impair the stainability or disrupt the continuity 
of the basement membrane (Fig. 3). 

In the orchiectomized rat, the basement membrane of the prostate is as 
resistant to Cl. welchii toxin as it is in the estrogen-treated animal. 

Hyaluronidase produced no visible change in the stainability of the 
ground substance or basement membrane of the treated or untreated rat 


prostate gland. 
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a 
Fig. 2. Prostate of normal 2-year-old rat, stained with periodic acid-leucofuchsin 
after the application of Cl. welchii toxin for sixty hours. Observe the paucity of stained 


glycoprotein, particularly in the interacinar space and in the region of the basement 
membrane. 500. 


Fig. 3. Prostate of estrogen-treated 2-year-old rat, stained with periodic acid-leuco- 
fuchsin after the application of Cl. welchit toxin for sixty hours. Note the intact, dense 
basement membrane, apparently unaffected by the enzyme. 500. 
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Human prostate 


There are two differences noted between the ground substance of un- 
treated prostatic cancer and that of estrogen-treated prostatic cancer. The 
first is the presence of a distinct periodic acid-leucofuchsin reactive base- 
ment membrane around the acini of the estrogen-treated carcinoma of the 
prostate and an almost complete absence of such material in the untreated 
carcinoma (Figs. 4 and 5). The second difference is in the response of the 
interacinar ground substance and basement membrane to enzyme and 





Fig. 4. Human prostatic cancer, untreated. Section stained with periodic acidleuco- 
fuchsin. Note the paucity of basement membrane around the acinus. 500. 


buffer activity. The ground substance of the estrogen-treated carcinoma is 
resistant to the action of Cl. welchii toxin and also to buffer after incuba- 
tion for twenty-four hours at 37° C. (Fig. 6). The untreated prostatic 
carcinoma, however, has a ground substance that is partially extracted 
with buffer at pH 7.0 and completely removed by Cl. welchii toxin, both 
acting for twenty-four hours at 37° C. (Fig. 7). In these studies, hyaluroni- 
dase had no visible effect on the glycoprotein of the ground substance of 
either the treated or untreated prostatic carcinomas. 
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Fia. 5. Human prostatic cancer, treated with estrogen. Section stained with periodic acid- 
leucofuchsin. Note the density of the basement membrane of the acinus. 500. 


These observations on the solubility of the glycoprotein of the ground 
substance in the prostate are summarized in Table 1. 


TABLE 1. STAINABILITY OF THE GROUND SUBSTANCE OF THE PROSTATE IN RAT AND MAN 














No extractive pH 7.0 Cl. welchit toxin 

Rat—Normal 44 ++ 0 

Estrogen-treated ++++ +4+4++4+ +++ 

Castrated se i sam ake set ool a ic a 
Human prostatic carcinoma 

Untreated ++ + faint 0 

Estrogen-treated sh ert + +++ 

DISCUSSION 


Whether the effect of estrogen administration on the prostate of the in- 
tact animal is a direct one, or is mediated through inhibition of pituitary 
gonadotropic substances, cannot be completely clarified from our observa- 
tions. The similarity of the effects produced by orchietomy, and by estrogen 
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Fie. 6. Human prostatic cancer, treated with estrogen. Stained with periodic acid- 
leucofuchsin after the application of Cl. welchii toxin for twenty-four hours. The ground 
substance and basement membrane are intact and unaffected by the enzyme. 500. 


administration, strongly suggests that a decreased level of circulating 
androgen is the cause of the changes observed. In the work presented 
here we are primarily concerned, not with the general systemic hormonal 
mechanisms involved in estrogen administration or orchiectomy, but with 
the response of the ground substance of the prostate to such treatment. 
The data from these studies indicate that after either estrogen adminis- 
tration or orchiectomy the basement membrane of the prostate gland of the 
2-year-old rat and of human prostatic carcinoma is more resistant to ex- 
traction by buffer and by Cl. welchii toxin.. The data, viewed in another 
perspective, show that in the normal old rat prostate and in untreated hu- 
man prostatic carcinoma, the basement membrane is much more soluble 
than after estrogen administration or orchiectomy. The change in the nor- 
mal old rat and in the untreated prostatic cancer may be interpreted as one 
in which the molecular aggregates of the homogeneous component of the 
basement membrane become smaller and hence more soluble (28). A sim- 
ilar change was shown to take place in the region of rapidly growing trans- 
planted tumors (15). One might expect that if the breakdown of molecular 
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Fie. 7. Human prostatic cancer, untreated. Stained with periodic acid-leucofuchsin 
after the application of buffer pH 7.0. Ground substance and basement membrane are 
partially extracted. After Cl. welchit toxin is applied, no reactive material can be seen 
in these areas. X 500. 


aggregates proceeds far enough, the material might pass into the lymph 
and vascular systems. Accordingly, it is helpful to note that other workers 
(27, 29-31) have shown that there is an elevation of the serum mucopolysac- 
charide level in patients with carcinoma and in animals with transplant- 
able tumors. 

Previous work has shown that connective tissue appears very clearly to 
be under hormonal control, ¢.g., ovary (32), pubic symphysis (33), and nasal 
mucous membrane (19). The nonfibrillar component of connective tissue 
usually responds to the action of hormones by a change in the state of 
aggregation of the connective-tissue colloids (28). This alteration of colloid 
state is characterized by changes in the viscosity, resistance and solubility 
of the colloids. These changes may be of such a nature as to increase or de- 
crease these properties. The action of estrogen, in many situations, appar- 
ently leads to connective tissue disaggregation (e.g., uterus, mammary 
glands and sex skin). In carcinoma of the prostate, however, its action ap- 
pears to restore the integrity of the basement membrane. Somewhat com- 
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parable observations were made in the nasal mucous membrane of patients 
treated for allergy by corticotropin (19). 

The data presented in the foregoing section thus extended the concept 
proposed by Gersh and Catchpole (15) to another organ (the prostate 
gland) controlled by hormonal action. 

In considering the relationship between the physical state of the ground 
substance and the acinar cells of the prostate, at least two assumptions are 
made: 1) that the more insoluble ground substance is ‘‘tougher” than the 
more soluble ground substance, and 2) that the ‘‘toughness” of the ground 
substance is the chief factor which determines how much resistance this 
material offers to the growth of cells or their spread. With these assump- 
tions, it is possible to conclude that the observed changes in the basement 
membrane described in the previous section may contribute significantly 
to the mechanism of the inhibitory effect of estrogens and orchiectomy on 
prostatic growth. 

It is possible to speculate regarding the effect of the described changes 
in the extractability of the basement membrane following orchiectomy or 
estrogen treatment on permeability of metabolites and of nutrient sub- 
stances. There are several reports is the literature indicating that perme- 
ability is altered following the administation of estrogenic and other hor- 
mones. 

Foley and Aycock (34) have observed that a single dose of stilbestrol 
protects mice from lethal inoculations of hemolytic streptococci. Their 
studies suggest that the “‘protection is afforded by physiologic changes in- 
duced in the tissues which effect the role of spreading factors. . . .”” In ex- 
perimental tuberculosis, Lurie (35) observed much less dissemination of 
the disease in estrogen-treated male rabbits than in untreated controls. 
Other workers (36, 37) have also noted inhibitory effects of estrogen on the 
spread of infections. The evidence indicated that estrogen treatment in- 
duced an inhibition of a spreading factor in the connective tissue. 

Sprunt (38) has shown that estrogen inhibits the spread of India ink in- 
jected into the skin, and Lurie and Zappasodi (39) have enhanced its spread 
by the intravenous administration of chorionic gonadotropin. 

That capillary permeability may be modified by estrogen has been dem- 
onstrated by Hechter et al. (40), using a vital dye as a diffusion indicator. 
These authors have shown that: 1) capillary permeability is increased in 
the uterus and vagina of the rat after estrogen treatment, and 2) there is a 
decrease in the permeability to the vital dye after castration (odphor- 
ectomy). It is important to remember that this increased permeability is 
coincident with the growth of the uterus after estrogen administration, 
whereas decreased permeability is coincident with atrophy of the uterus 


after castration. 
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It is suggested that the changes in the state of the ground substance of 
the basement membrane of the prostate gland by orchiectomy and estrogen 
treatment may be the morphologic counterpart of changes in permeability 
which may be assumed to take place in the prostate gland. 


SUMMARY 


Rat and human prostatic tissues were prepared by freezing and drying, 
and stained with periodic acid-leucofuchsin, either directly, or after the 
application on the slides of buffer solutions and enzymes, such as hy- 
aluronidase and the toxin of Cl. welchii. 

The homogeneous ground substance of the connective tissue in the pros- 
tate of the normal 2-year-old rat was found to be soluble in Cl. welchii 
toxin whereas, after estrogen administration or orchiectomy, little or no 
solubility of the glycoprotein component of the prostatic ground substance 
was observed. 

’ In untreated carcinoma of the human prostate, the glycoprotein of the 
ground substance was noted to be readily soluble. Estrogen administra- 
tion, however, resulted in a marked decrease in the solubility of this ground 
substance, particularly in the basement membrane. 

The more soluble glycoprotein is assumed to be less resistant to the 
growth of the prostatic cell than is the more insoluble glycoprotein pro- 

- duced by orchiectomy or estrogen treatment. This variation in rigidity of 


the ground substance may contribute significantly to the mechanism of the 
inhibitory effect of estrogens and orchiectomy on prostatic growth. 
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in the concentrations of sodium and chloride in thermal sweat (1-4). 
If nonhormonal factors which effect the electrolyte composition are con- 
trolled, the concentrations of sodium and chloride in thermal sweat represent 
reliable indices of the level of adrenocortical activity (1-3). The Na+/K+ 
concentration ratio has been employed in a similar manner (5-8). Unfortu- 
nately, adequate data regarding the change in concentration of potassium 
during heightened adrenocortical activity is lacking, and this ratio in 
thermal sweat has not been evaluated in normal individuals under con- 
trolled conditions. | 

Although previous investigators have emphasized the effect of the non- 
hormonal factors on these electrolyte concentrations in sweat (1, 3, 9,) 
numerous clinical studies (2, 5, 6, 7, 8, 10) have used the concentrations of 
sodium, potassium and chloride as indices of adrenocortical activity without 
adequate control of these factors. Skin and air temperature, method of col- 
lection, rate and duration of sweating, and the interval between the onset 
of sweating and its collection all have demonstrable effects on the electro- 
lyte composition of thermal sweat (3, 11-17). 

The purpose of the present limited study was to investigate some of 
these variable influences on the concentrations of sodium (and/or chloride) 
and potassium or their ratios in random samples of sweat and to stress the 
importance of their control when utilizing electrolyte composition of sweat 
as an index of adrenocortical activity. 


A FTER the administration of large doses of DCA or ACTH there is a fall 





Received for publication February 19, 1954. 


* Ist Lt., MC AUS. 
t Present address: Dept. of Internal Medicine, Yale University School of Medicine, 


New Haven, Conn. 
t Head, Biochemistry Branch, Natick Q.M. Research & Development Laboratory, 


Lawrence, Mass, 


1126 














October, 1954 ELECTROLYTES OF SWEAT AND ADRENAL FUNCTION 1127 


MATERIALS AND METHODS 


The data presented here were obtained during the course of two studies 
of the metabolic responses of men to acute and prolonged heat exposure 
(9, 11). Detailed descriptions of the experimental procedures and the chem- 
ical methods are described elsewhere (9, 11), and only a brief outline is pre- 
sented. 


Acute exposure: Twenty-seven experiments were performed on 17 healthy, unac- 
climatized young men exposed nude for one to two hours at 120° F., relative humidity 
25 to 30 per cent (11). Arm sweat was collected in polyethylene bags, and total body 
sweat was collected by rinsing the men with 15 to 20 liters of distilled water and collect- 
ing the washings. All sweat samples and washings were analyzed for sodium, potassium’ 
and chloride. The experiments were divided into two groups. In Group A (12 experi- 
ments) the men were subjected to a preliminary period (fifteen to thirty minutes) of 
active sweating in the heat, after which they showered, were rinsed with distilled water, 
dried, and re-entered the hot chamber for the sweat collection period. The preliminary 
sweating served to “flush” the lumens of the sweat glands. In Group B (15 experiments) 
the men were treated exactly like those in Group A, except that there was no prelim- 
inary sweating period. 

Prolonged exposure: Five young, previously unacclimatized men lived for fourteen 
consecutive days in a chamber maintained at 120° F. during the day and 100° F. at 
night (9). They lived under controlled dietary conditions, with continual replacements 
of salt losses in the sweat by the ingestion of 0.2 per cent sodium chloride. Sweat col- 
lected from an arm enclosed in a polyethylene bag was analyzed for sodium, potas- 
sium and chloride. Sweat samples were collected during rest at both 120° F. and 100° F. 


RESULTS 


The data from the acute study are presented in Figures 1 and 2 and 
Table 1. There was no reciprocal relationship between the sodium and po- 
tassium concentration in thermal sweat, whether the sweat was collected 
under an impermeable barrier (arm bag) (Fig. 1) or recovered from the en- 


TABLE 1. CONCENTRATIONS OF ELECTROLYTES IN ARM-BAG AND TOTAL BODY SWEAT 








Nat Cl Kr 
Group (mEq./L.) (mEq./L.) (mEq./L.) 





Arm-bag sweat* 
| 




















A 72.7+28.9 62.44+24.5 6.93+3.04 
B 58.6+20.7 55.0+23.4 8.77+2.43 
Total body sweat* a 
A 58.8+16.5 48.9+15.3 4.71+1.04 
B 40.1+13.3 44.6415.5 5.08+ .89 





* Mean values for 27 experiments. 
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ELECTROLYTE CONCENTRATION IN ARM BAG SWEAT 
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tire body by repeated washings (Fig. 2). On the contrary, there were sig- 
nificant positive correlations between sodium and potassium in the arm bag 
sweat of Groups A and B, and in the total body sweat of Group B (Figs. 1. 
and 2). Although not depicted here, the relationships between chloride and 
potassium concentrations were similar to those between sodium and po- 
tassium. 

Table 1 lists the mean concentrations and standard deviations of the 
various electrolytes in sweat collected in arm-length polyethylene bags and 
from total body washings. Data for Group A and B are presented together 
for comparison. Lower mean concentrations of potassium in arm-bag sweat 
and in total body sweat, as well as smaller standard deviations from the 
mean, occurred in Group A. In both groups concentrations of sodium and 
chloride were within the range defined by Conn as consistent with adrenal 
insufficiency and adrenal hyperfunction (1). From a comparison of total 
body sweat with simultaneously collected arm-bag sweat (Table 1), it is 
apparent that the arm-bag environment affected the concentration of all 
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the sweat solutes measured. This has been reported previously (11, 13, 
15) and demonstrates that arm sweat collected under an impermeable 
barrier is not representative of total body sweat. 

Data derived from the study on prolonged heat stress are shown in 
Table 2 and Figure 3. It should be emphasized that the mean values listed 
in Table 2 were from subjects who were sweating continuously twenty-four 
hours a day for several days. During the twelve-hour period when the en- 
vironmental temperature was 100° F., the mean concentration of potassium 
in the sweat of the 5 subjects was significantly higher than it was during 
the twelve-hour period at 120° F. 

The mean Nat/K+ concentration ratio for the 5 subjects during the 
entire two-week heat exposure is presented in Figure 3. The slight fall 
during the first few. days was followed by a steady gradual rise, since the 
concentration of potassium fell more than that of sodium. Morning basal 
eosinophil counts and mean daily urinary 17-ketosteroid values did not 
change significantly from those of the control period (Fig. 3). 
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TABLE 2, MEAN CONCENTRATIONS OF POTASSIUM IN ARM-BAG SWEAT 
COLLECTED AT 100° F. anp 120° F. 


(mean of 5 subjects) 














Days 120° F. 100° F. 
(mEq./L.) (mEq./L.) 

2 7.55 9.49 
8 5.24 7.93 
9 4.14 8.76 
10 5.15 10.2 
11 4.11 8.55 
13 4.73 6.86 
14 4.29 6.62 














AVERAGE RATIO OF SODIUM TO POTASSIUM CONCENTRATIONS IN SWEAT 
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DISCUSSION 


In the present study and elsewhere (41, 12, 14, 17), it has been demon- 
strated that local factors of nonadrenal origin may be responsible for a 
reciprocal relationship between the concentrations of sodium and potas- 
sium in thermal sweat. Under controlled conditions of environmental 
temperature and method of collection, no reciprocal relationship was found 
between the concentration of sodium (or chloride) and potassium in arm- 
bag sweat or total body sweat (Figs. 1 and 2). Furthermore, during pro- 
longed continuous heat exposure, the change in the Na+/K+ concentration 
ratio in arm-bag sweat was not consistently related to basal eosinophil 
counts or daily neutral 17-ketosteroids (Fig. 3). It appears, therefore, that 
in normal individuals, when the local nonhormonal factors such as skin 
temperature and mode of collection are controlled, variations in the electro- 
lyte pattern of sweat may occur which cannot be correlated with these 
limited indices of adrenocortical activity. 

Locke et al. (3) stressed the importance of nonhormonal variables but 
believed that a reciprocal relationship did exist between sodium (or chlo- 
ride) and potassium as a result of secretion of an adrenocortical hormone 
similar to desoxycorticosterone. They formulated regression equations 
whereby the sodium and potassium concentrations in arm-bag sweat could 
be predicted from the chloride concentration. Their regression equations 
could not be applied to the data of the present experiments, since the series 
from which they derived their equations represented a diverse group of 
experimental conditions. 

Although ACTH and adrenocortical steroids alter the pattern of electro- 
lytes in sweat (1-4), thereby strongly suggesting a causal relationship, 
analogous interpretation of similar data obtained in various pathologic 
states (5, 6, 8, 18) is not warranted unless due consideration is given to the 
local factors (11, 12, 14, 17) that are capable of inducing similar changes. 

In the present study it was shown that ‘flushing’ the lumens of the 
sweat glands and the skin surface by preliminary exposure to heat lowered 
the potassium concentration in both arm-bag sweat and total body sweat. 
In addition, sweat collected at 100° F. contained higher concentrations of 
potassium than that collected at 120° F. The local factors influencing the 
concentration of potassium in sweat also have been emphasized by others 
(11, 12, 17). Unfortunately, previous studies of the effect of ACTH and 
adrenocortical steroids on sodium and chloride concentrations of thermal 
sweat, with one exception (3), did not include measurements of potassium 
concentrations. 

Previous investigations have demonstrated a direct correlation between 
skin (and air) temperature and sodium chloride concentrations in thermal 
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sweat (14, 16). It is apparent, therefore, that electrolyte patterns in sweat 
which simulate that of adrenocortical hyperactivity (low sodium and high 
potassium concentrations) or adrenocortical deficiency (high sodium and 
low potassium concentrations) could result from nonhormonal influences. 

Conn (1) emphasized that the “normal” levels of sodium and chloride 
in thermal sweat (15-60 mEq./L.) pertain only to the specific conditions 
of air temperature and the mode of collection that he used. 

In the absence of rigid control of the nonhumoral factors, the validity of 
employing random samples of sweat to assess the level of adrenocortical 
activity in congestive heart failure (7, 10), cirrhosis of the liver (8, 10), 
nephrosis (18) and postoperative states (5, 6) is open to question. 


SUMMARY AND CONCLUSIONS 


Nonhormonal or local factors play a fundamental role in determining 
the electrolyte composition of thermal sweat, irrespective of the level of 
adrenocortical activity. There is no reciprocal relationship between the 
concentrations of sodium (or chloride) and potassium in thermal sweat col- 
lected under controlled conditions from young healthy males. 

The effects of nonhormonal or local influences on sweat composition have 
been presented and discussed. When these factors are controlled, electro- 
lyte concentrations in random samples of thermal sweat may serve as use- 
ful indices of adrenocortical activity. 
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HE simultaneous occurrence of two or more estrogens within the same 

animal has been a frequent topic for conjectural discussions as to pos- 
sible physiologic and biochemical implications. It is the opinion of some 
that estradiol (a and @) is the hormone secreted by the Graafian follicle 
and that estrone, though present in the follicular liquor, is derived from it. 
Furthermore, there is good evidence for believing that the two estradiols 
and estrone undergo interconversion in the body and this possibility re- 
ceives additional support from the results of in vitro experiments. It is also 
thought that estriol may be derived from estrone. However, estriol has 
been isolated only from human material, although a substance with similar 
physiologic and chemical properties has been obtained from other animals 
following the administration of estrone. Probably the most direct evidence 
that such a conversion can take place in the human being is the observation 
by Pearlman, Pearlman and Rakoff (1) who gave deuterio-estrone acetate 
to 2 women in late pregnancy and obtained the same conversion rate to 
estriol as for nonpregnant women and men. 

Yet, the amount of estriol excreted in the urine is relatively small, even 
when large doses of estradiol or estrone are given, and this has raised some 
doubt as to whether such conversion can account for the comparatively 
large amount of estriol normally present in the placenta, blood and excreta 
of pregnant women. That estriol is a metabolic product is of course a 
plausible hypothesis, but an alternative is the possibility that it may be 
synthesized by the placenta. However, regardless of its origin, estriol, in 
terms of amount present, is the dominant estrogen of pregnancy and the 
fact that, so far as known, it is peculiar to the human being is a point of 
added interest as to its probable physiologic importance.! 
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Our knowledge of the biochemistry of steroid hormones makes it seem 
probable that the observed effects of an estrogen may rarely be due solely 
to the action of the compound administered but rather represent a com- 
posite response to the substance and its metabolites. It was thought that 
this notion, as well as the possibility of gaining additional information on 
the physiologic significance of the simultaneous action of the natural estro- 
gens, might be served by studying the influence that estradiol-176, estrone, 
and estriol may have upon each other in the promotion of growth in the 
uterus of castrated rats. 


EXPERIMENTAL PROCEDURE 


Albino rats 100 days of age and weighing approximately 200 grams were used in these 
experiments. They were started on treatment seven days after castration. The various 
dosages of estradiol-178, estrone and estriol? were dissolved in 0.1 ml. of sesame oil and 
injected subcutaneously daily for three days. When two or more hormones were given 
they were injected separately at different sites. The animals were killed seventy-two 
hours after the first injection and the uteri were removed and weighed. 

Similar procedures were followed for experiments in which the treatments were con- 
tinued for fifteen days. Parallel quantitative data were obtained in each experiment on 
wet and dry weights of the uterus, total nitrogen, lactic dehydrogenase DPNH oxidase 
system, as well as histochemical preparations for certain of the enzyme systems. Al- 
though only uterine weights are used for the purposes of this paper, their presentation is 
in agreement with the biochemical data that are being offered separately for publication. 


RESULTS 


The potentiality of each estrogen for the promotion of uterine growth 
was determined by establishing a dose-response curve (Fig. 1). Maximal 
growth for the three-day period was attained with a daily dose of 1.0 ug. 
of estradiol-178, 5.0 ug. of estrone and about 20.0 ug. of estriol. It was 
found also that 40.0 ug. of estriol daily was less effective than 20.0 wg. and 
in neither instance were the uteri as heavy as those of animals given the 
other two estrogens. 

On the basis of these responses, dosages that gave less than maximal 
growth were selected for study of possible influences each estrogen may 
have upon the action of the others. In the first of such experiments, a 
constant dose of 0.1 ug. of estradiol and 0.8 ug. of estrone was given in 
combination with graded doses of estriol (Fig. 2). Not only was the growth 
of the uterus ordinarily obtained by these amounts of estradiol and estrone 
markedly decreased, but it was rather surprising that estriol should be so 
effective at such a low dosage level. Although 0.1 yg. of estriol causes an 
obvious decrease in the response to both of the other estrogens, it alone at 





* The estradiol-178 used in these experiments was obtained through the generosity 
of Schering Corporation. We are grateful to Parke, Davis and Company for estrone and 
estriol. j 
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Fic. 1. Dosage-response curves, showing the comparative effectiveness of estradiol- 
178, estrone and estriol in the promotion of uterine growth in castrated rats. Rats 
100 days of age and weighing approximately 200 grams were castrated. Beginning 
seven days later, the dosage of estrogen indicated was given daily for three days and the 
animals killed at the seventy-second hour after the first injection. Each point on these 
and subsequent curves represents the arithmetical average of uterine wet weight for at 
least 8 to 15 animals. 


this dosage would produce very little or no increase in weight of the uterus. 
Animals given 1.0 yg. of estriol daily showed only 17.6 per cent increase 
in uterine weight at the conclusion of a three-day treatment. It also was 
found that the simultaneous injection of estriol would decrease the re- 
sponse to a combination dosage of 0.1 yg. of estradiol plus 0.1 ug. of estrone 
(Fig. 2). 

The difference in estrogenic potency between estradiol-178 and estrone 
suggested that these two hormones might also show a competitive inter- 
action in the promotion of uterine growth (Fig. 3). This was tested by de- 
termining the influence of graded doses of estrone on the uterine growth 
produced by a daily injection of 0.1 ug. of estradiol. This dosage of estradiol 
produced uteri of 236 mg. average weight in a group of 41 rats, a gain of 
88 per cent in weight over those of castrated controls. In contrast with this, 
an equal dosage of estrone (0.1 ug.) did not cause a significant increase in 
uterine weight. However, when both hormones were injected simultane- 
ously the uteri were lighter when the smaller doses of estrone were given, 
whereas larger doses of 0.8 ug. or more produced uteri weighing within the 
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Fig. 2. Interaction of estrogens on uterine growth. Points on the ordinate represent 
average wet weights of rat uteri following three daily injections of the amounts of 
estrogens indicated. The curves show an inhibitory effect of estriol on the action of the 
other two estrogens. 


lower limits of those of animals given 0.1 ug. of estradiol alone. This may 
indicate that the effectiveness of estradiol was decreased somewhat by the 
smaller doses of estrone but probably a result of much more significance is 
the absence of an additive effect when the two hormones were given. 

It seems possible that in these experiments an additive effect could have 
occurred, as the increase in weight of the uterus was in all instances not 
only less than the average response to 0.1 ug. of estradiol but was con- 
siderably below that possible to obtain with higher doses of either hormone 
alone (Fig. 1). A maximal uterine weight of 290 mg. was reached when 1.0 
ug. of estradiol was given daily, and remained about the same at higher 
dosages. Approximately the same maximal weight was attained when 10.0 
ug. of estrone was given. In addition to the bearing this may have on the 
question of interaction between estradiol and estrone it also is indicated 
that, under the conditions of these experiments, both are equally effective 
in promoting growth of the uterus, although ten times more of one is re- 
quired than of the other. This does not hold for estriol but there remains 
the possibility that it too might produce uteri equal in weight with those 
for the other two estrogens, if given for a longer time than three days. 
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Fic. 3. The interaction of estradiol and estrone on uterine growth. The absence of 
an additive effect is indicated. Small doses of estrone may be slightly inhibitory. 


The influence the length of treatment might have on growth of the 
uterus in response to a constant dosage of estrogen was determined by 
continuing the daily injections for fifteen days. The dosage levels used were 
estradiol, 0.1 ug. and 0.05 yg., and estriol, 1.0 ug.; also'0.1 yg. of estradiol 
and 1.0 ug. of estriol’ were given concurrently to bring out any possible 
competitive interaction. After the first day, 8 to 15 animals undergoing 
each treatment were killed every two days and their average uterine 
weights recorded for comparison with those of other groups and corre- 
sponding untreated castrated controls (Figs. 4 and 5). The amounts of 
estrogens given in these experiments were not sufficiently large in any 
instance to produce the maximal response possible to obtain in a period of 
three days. 

Probably the most striking result obtained from these experiments was 
the lack of an increment in growth from day to day; instead, by the third 
day in most instances, the uterus had attained a weight which in general 
was maintained for the duration of the treatment. This was equally true 
when 0.1 yg. of estradiol and 1.0 ug. of estriol were given together. Not 
only did estriol decrease the response to estradiol but a constant uterine 
weight for the combination was established. These observations do not 
support the thought that a uterus under weak estrogenic stimulation for an 
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Fig. 4. The influence of a constant dosage level of estradiol and estriol on uterine 
growth when continued for fifteen days, and interaction when both hormones are given 
simultaneously. A rather constant uterine weight is established and maintained in 
accordance with the dosage. When the two hormones are given together, the growth 
attained is less than that for estradiol alone. 


extended period may eventually attain a weight equal to that resulting 
from the injection of larger doses of the same estrogen for a few days. 


DISCUSSION 


The results of these experiments show that estradiol-178, estrone and 
estriol not only differ in their ability to induce growth of the uterus in 
castrated rats but also possess certain other distinctive physiologic quali- 
ties. Estradiol in daily doses of 1.0 ug. is capable of increasing the weight of 
an involuted uterus weighing 125 mg. to one weighing over 300 mg., in 
seventy-two hours. This also can be accomplished with estrone, but a daily 
dose of about 10.0 ug. must be given. In contrast with this, the largest 
uteri obtained with estriol in three days weighed less than 240 mg. at a 
dosage of 20 ug. daily and larger doses produced uteri weighing even less 
(Fig. 1). The reason for this decrease in effectiveness is not known but it is 
possible that the larger doses of estriol caused an increase in the secretion 
of ACTH and consequently adrenocortical steroids, an effect known to an- 
tagonize the action of estrogens on uterine growth (2, 3). 

Thus, it is shown that estradiol-178, estrone and estriol stand in that 
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Fic. 5. These curves show dry weights of the corresponding uteri in Figure 4. The 
dry weights in general parallel the growth responses indicated by uterine wet weights 
but seem to exaggerate the variations of the castrated controls. 


order with respect to effectiveness in the promotion of uterine growth in 
castrated rats. This is equally true for vaginal cornification (4) and the in- 
hibition of progesterone in the development of deciduomata (5). However, 
Szego (6) has found estriol much more active than the other two estrogens 
in promoting the imbibition of uterine fluid following a single injection. 
This effect reaches a maximum within four to six hours and is different in 
several respects from the growth response produced by three or more daily 
injections. Even when one injection of an estrogen is given, the imbibition 
of fluid is only an initial response (7, 8). This is followed by a period of 
growth which reaches a maximum at forty-eight hours. During this time 
there is an extensive synthesis of uterine ribonucleic acid without an in- 
crease in desoxyribonucleic acid. Taking place simultaneously is an aug- 
mented succinoxidase and cytochrome oxidase activity (9). 

Another feature of the response of the uterus to estrogenic stimulation 
is the attainment of a maximal weight, in accordance with a given daily 
dose, which is maintained for the duration of the treatment. In the present 
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experiments, uteri of animals killed on the third day are comparable in 
weight with those of animals killed on the fifteenth day (Fig. 4). This 
suggests that not only is there a relationship between dosage and response, 
but that the same amount of hormone required to produce a uterus of a 
given weight is also required for its maintenance. If this proves to be so, 
it is of considerable significance, as it implies a definite quantitative balance 
between the amount of hormone and the level of metabolic activity for 
establishing and keeping a reaction in physiologic equilibrium for an ex- 
tended period. 

Observations on endometrial growth in castrated monkeys seem to sup- 
port this thought. Endometria of animals on estradiol-178 equivalent to 
1000 1.u. daily undergo rapid growth during the first few days, as indicated 
by an increase both in thickness and mitotic rate in the epithelium of the 
glands and luminal mucosa. Maximal thickness of the endometrium is 
reached by about the twentieth day and is followed by a decline in number 
of mitoses. A stable metabolic situation is soon established, which appar- 
ently persists with little change when the treatment is continued (10). 

Apart from the nature of the growth response to an estrogen is the com- 
petitive interaction which seems to take place when two or more hormones 
are given simultaneously. This is particularly true of the three estrogens 
used in the present experiments when estriol is given with either of the 
other two, and less so for combinations of estradiol and estrone. The inter- 
conversion between estradiol and estrone, and its lack for estriol may ac- 
count for these differences. There is also the physiologic consideration that 
estriol has not been found to be a normal steroid in rats, and so the reac- 
tions we have described may be peculiar to this animal. However, it also 
must be admitted that the physiologic importance of estriol as a naturally 
occurring hormone has not been determined in any instance. Its presence 
in the human being is significant, and especially so, as it is the predominant 
estrogen in the placenta and excreta during advanced pregnancy. Whether 
it is secreted by the placenta or is a degradation product .of estrone is a 
question that has been much discussed. 

It might be mentioned briefly in this connection that although estriol is 
excreted following the injection of estrone in human beings, such conver- 
sions do not occur when estrone is incubated with human tissues, not even 
with the placenta itself (11). Also, when 2-mg. doses of estrone in oil are 
injected intramuscularly into women on the eighth and twentieth days of 
the menstrual cycle, the average total exogenous urinary estrogen recov- 
ered is about 5 to 8.5 per cent in which the ratio of estriol to estrone is 
much less than one (12). The presence or absence of a corpus luteum does 
not influence the rate of conversion, nor does pregnancy (1, 13). In early 
pregnancy the amount of estriol excreted is about equal to that of estrone, 
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but by the 28th week of gestation the ratio of estrone to estriol is approxi- 
mately 0.2 (14). A similar proportionality exists for the estrogens of the 
placenta during early and late pregnancy (15). That estrone can be con- 
verted to estriol seems well founded but the rate at which this occurs makes 
it appear unlikely that this alone could account for the disproportionate 
increase of estriol over the other estrogens as pregnancy advances. 

With respect to the comparative physiology of gestation, it first should 
be emphasized that in primates a progestational condition is maintained 
in the uterus by a synergistic action between the estrogens and progester- 
one. This is less true of rodents, in which progesterone predominates and 
its action on the uterus is strongly inhibited by estrogens. Gestation in 
primates is a situation in which estrogens are present continuously in un- 
usually large amounts for a period cf months. Presumably a rather steady 
physiologic condition is maintained. It would be difficult to conceive of an 
estrogen better adapted for such purposes than estriol, provided, of course, 
its action in primates is comparable to that in rats. It is possible for it to be 
present in large amounts without excessive stimulation, and at the same 
time through its competitive action serve as a hormonal buffer upon the 
effects of the more active estrogens. If this be so, then a reasonably good 
guess as to the physiologic importance of estriol would be that it is pri- 
marily a primate hormone of pregnancy and that it is in part secreted as 
such by the placenta. 


SUMMARY 


The relative effectiveness of estradiol-178, estrone and estriol in the pro- 
duction of uterine growth has been tested on castrated, adult rats. Animals 
100 days old and weighing approximately 200 grams were used in the ex- 
periments seven days after castration. The various dosages of estrogens 
were dissolved in 0.1 ml. of sesame oil and injected subcutaneously daily 
for three days and the animals were killed at the seventy-second hour. 
Dosage-response curves based on increases in uterine wet weight showed 
estradiol to be about ten times more effective than estrone. A maximal 
response of about 300 mg. was obtained by a daily dosage of 1.0 yg. of 
estradiol and by 10.0 yg. of estrone. Estriol was not only the least active 
of the three estrogens but was found incapable of stimulating maximal 
uterine growth in the 72-hour period, even in daily doses of 20.0 ug. (228 
mg.). In fact, doses of 40 ug. daily were less effective (171 mg.). 

It was also found that estriol, even in small doses (0.1 wg.), decreased the 
growth-promoting action of estradiol and estrone when the hormones were 
given simultaneously. A maximal response to a given daily dose of estrogen 
was attained at about seventy-two hours and the weight of the uterus 
remained approximately the same when the treatment was continued for 
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fifteen days. The uterine growth produced and maintained either by estra- 
diol or by estrone or a combination of the two was reduced when estriol 
was added to the treatment. These observations are in agreement with the 
suggestion that estriol probably should be considered as being a primate 
hormone of pregnancy, during which it assists in the maintenance of a 
steady endocrine balance, in part, by modulating the action of the stronger 
estrogens. 


10. 


12. 


13. 


15. 


REFERENCES 


. PEARLMAN, W. H.; PEARLMAN, M. R. J., and Raxorr, A. E.: Estrogen metabolism 


in human pregnancy. (A study with the aid of deuterium.) Abstracts, Second 
International Congress of Biochemistry, Paris (July), 1952, p. 135. 


. SzeGo, C. M., and Roserts, §.: Pituitary adrenal cortical antagonism to estrogenic 


stimulation of the uterus of the ovariectomized rat, Am. J. Physiol., 152: 131-140 
(Jan.) 1948. 


. VeLARDO, J. T.; Hisaw, F. L., and Bever, A. T.: Inhibition of estradiol-17(-in- 
duced uterine growth in rats by desoxycorticosterone acetate, testosterone, and cor- 


tisone acetate, Anat. Rec. 117: 552 (Dec.) 1953. 


. ALLEN, E.; Hisaw, F. L., and GarpNner, W. U.: The endocrine functions of the 


ovaries, in Sex and Internal Secretions, ed. 2, edited by Allen, E.; Danforth, C. H., 
and Doisy, E. A. Baltimore, The Williams & Wilkins Co., 1939, Chap. 8, p. 510. 


. VELARDO, J. T., and Hisaw, F. L.: Quantitative inhibition of progesterone by estro- 


gens in development of deciduomata, Endocrinology 49: 530-537 (Oct.) 1951. 


. Szeao, C. M.: Relative effectiveness of natural estrogens in stimulating early uterine 


growth, Fed. Proc. 9: 124 (Mar.) 1950. 


. Astwoop, E. B.: A six-hour assay for the quantitative determination of estrogen, 


Endocrinology 23: 25-31 (July) 1938. 


. Szego, C. M., and Roserts, §.: Steroid action and interaction in uterine me- 


tabolism, Recent Progr. Hormone Research 8: 419-469, 1953. 


. Tetrer, M. A.: Influence of estradiol on nucleic acids, respiratory enzymes, and the 


distribution of nitrogen in the rat uterus, Arch. Biochem. & Biophys. 44: 111-119 
(May) 1953. 

Hisaw, F. L.: Factors influencing endometrial growth in monkeys (Macaca mulat- 
ta), in A Symposium on Steroid Hormones, edited by E.8. Gordon. The University 
of Wisconsin Press, 1950, p. 259. 


. Ryan, K. J., and Eneen, L. L., The interconversion of estrone and estradiol by 


human tissue slices, Endocrinology 52: 287-291 (Mar.) 1953. 

StimMEL, B. F., and Steaty, C. L.: A study of the metabolism of single therapeutic 
doses (2.0 mg.) of estrone in the preovulatory and postovulatory phases of the 
menstrual cycle in healthy women, J. Clin. Endocrinol. & Metab. 12: 489-494 
(May) 1952. 

PEARLMAN, W. H.; PeariMan, M. R. J., and Raxorr, A. E.: Estrogen metabolism 
in human pregnancy—a study with the aid of deuterium, Am. J. Obst. & Gynec. 


66: 370-374 (Aug.) 1953. 


. StrmMeE., B. F.: The fractionation and photometric estimation of the estrogens in 


human pregnancy urine, J. Biol. Chem. 62: 99-109 (Jan.) 1946. 
DiczraLusy, Econ: Chorionic gonadotrophin and oestrogens in the human pla- 
centa, Acta Endocrinol. Suppl. 12, pp. 1-175, 1953. 











BLOOD ACTH IN MAN: “ACTIVE’’ AND 
“ACTIVABLE”’ FRACTIONS 
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N PREVIOUS investigations by the authors, corticotropic activity in 

human blood has been demonstrated by injecting plasma directly into 
hypophysectomized rats according to a technique elsewhere described 
(1, 2), and assaying ACTH by the adrenal ascorbic acid-depletion method. 
By this procedure, the corticotropic activity was found in the ultrafiltrates 
of plasma (3, 4). This led us to postulate that ACTH may occur in blood 
in a simple form, easily ultrafiltrable. 

Sydnor and Sayers (5) have shown that, in the rat, blood ACTH may be 
determined after extracting and processing it by the Astwood’s oxycellulose 
technique. Similar results were obtained by us, using hog blood (6). 

The foregoing observations, as well as the discordant findings reported 
in other studies of the blood ACTH in man, have led us to carry out com- 
parative investigations on human blood. Blood ACTH, therefore, was 
assayed either by our own technique or by Astwood’s oxycellulose pro- 
cedure as modified by Bartholomew (7). The results obtained indicate that 
besides an “active,” ultrafiltrable ACTH, there is also an ‘“‘activable” 
ACTH in human blood. 


METHODS 


Blood was obtained from 6 normal healthy subjects (blood donors). Samples were also 
taken from 6 subjects with hypocorticism, as an increased level of blood ACTH in this 
condition has been reported by other investigators (7, 8). Blood samples were drawn, 
early in the morning with a heparinized syringe from the antecubital vein of the fasting 
subjects, and immediately cooled at +4° C. Plasma was then obtained by rapid cen- 
trifugation of this blood at low temperatures. 


Procedure A 

A small aliquot of plasma thus obtained, was immediately utilized for the direct deter- 
mination of ACTH, according to the technique previously described by us (1). 
Procedure B 


The remaining plasma (25 to 50 ml.) was accurately measured and immediately 
mixed with 4 volumes of glacial acetic acid. The mixture of plasma and glacial acetic 
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acid was then processed by the oxycellulose technique (5). The volume of the oxycel- 
lulose eluate was finally adjusted to the volume of the treated plasma. In both cases, 
the corticotropic activity was assayed in male hypophysectomized rats by the adrenal 
ascorbic-acid depletion method (9). For each determination, at least 3 animals were 
employed. In all cases, the dose injected was equivalent to 0.5 ml. of plasma per 100- 
gram assay rat. 

For a better quantitative evaluation, assays with known solutions of USP Corti- 
cotropin Reference Standard were carried out at the same time. 


RESULTS 


The results depicted in Table 1 refer to the determinations carried out 
on human plasma by employing for each single sample either Procedure A 
or B. They are expressed in terms of adrenal ascorbic-acid depletion. This 
depletion corresponds to the difference between the concentration of 
ascorbic acid in the left adrenal removed immediately prior to the injection 
of test material, and the concentration of ascorbic acid in the right 
adrenal. 

In order to obtain comparative data the dose of plasma, or of the blood 


TABLE 1. PhasmMaA ACTH In awn: (A) DIRECT ASSAY WITH WHOLE PLASMA. 
(B) Assay spy Astwoop’s OXYCELLULOSE PROCEDURE 


























Adrenal ascorbic-acid depletion 
(mg./100 Gm. fresh adrenal) 
; mean values 
Case No.; diagnosis Subject; sex; . 
age (yrs.) (B) 
(A) ‘ oxycellulose 
whole plasma eluatet 
1) Normal, nonstressed A.F., male, 28 87.2 [3]t —15.4 [3] 
2) Normal, nonstressed G.C., male, 36 18.6 [3] 2.0 [3] 
3) Normal, nonstressed M.A., male, 25 49.6 [4] —17.5 [3] 
4) Normal, nonstressed M.M., male, 42 25.8 [3] —9.4 [4] 
5) Normal, nonstressed A.L., male, 438 32.3 -[4] —6.8 [4] 
6) Normal, nonstressed M.L., male, 28 37.3 [4] —8.5 [4] 
7) Addison’s disease F.A., female, 51 156.6 [3] —7.9 [3] 
8) Melanoderma F.G., male, 58 —10.9 [4] 65.6 [4] 
9) Addison’s disease P.O., male, 29 —27.8 [3] 32.6. [3] 
10) Addison’s disease N.C., male, 53 —4.4 [3] 55.8 [3] 
11) Cachexia A.M., female, 33 21.5 [3] 44.3 [3] 
12) Scleroderma G.C., female, 56 —6.0 [3] 22.6 [3] 





* Tn all cases, the dose injected was equivalent to 0.5 ml. of plasma per 100-gram assay 
rat. 

+ In all cases, 0.5 ml. of oxycellulose eluate (equivalent to 0.5 ml. of plasma) was in- 
jected per 100-gram assay rat. 

t The figure in brackets is the number of animals injected. . 
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eluate injected (which corresponded to the volume of plasma employed), 
was equivalent to 0.5 ml. per 100-gram assay rat. This dose had previously 
been shown to be capable of inducing appreciable adrenal ascorbic-acid 


depletion (2). 


In these experiments, determinations with different levels of USP Corti- 
cotropin Reference Standard were also carried out. The mean values are 


presented in Table 2. 


TABLE 2. ADRENAL ASCORBIC-ACID DEPLETION IN RESPONSE TO VARIOUS 
poses oF USP sranparp ACTH* 








Dose/100-Gm. assay rat 


No. of rats used for 


Adrenal ascorbic-acid 
depletion (mg./100 Gm. 











each assay fresh adrenal) 

(mean values) 
0.25 mu 6 37.2 
0.50 my 6 75.6 
1.00 mu 5 98.8 











* Provisional USP Corticotropin Reference Standard. 


The dose-reponse curve drawn from the data of these experiments has 
enabled us to compute the milliunits of ACTH per 100 ml. of plasma from 
the adrenal ascorbic-acid depletions observed (Table 1). These data are 


shown in Table 3. 





TABLE 3. PLasmMA ACTH IN MAN EXPRESSED IN TERMS OF MILLIUNITS 








Millunits ACTH per 100 ml. plasma 




















Subject; sex; age (yrs.) Procedure Procedure 
(A) (B) 
1) A.F., male, 28 144.0 —_ 
2) G.C., male, 36 30.0 — 
3) M.A., male, 25 62.0 — 
4) M.M., male, 42 35.6 — 
5) A.L., male, 43 41.0 — 
6) M.L., male, 28 45.0 -- 
7) F.A., female, 51 >200.0 —_ 
8) F.G., male, 58 — 88.0 
9) P.O., male, 29 — 41.0 
10) N.C., male, 53 — 72.0 
11) A.M., female, 33 32.0 56.0 
~ 34.0 


12) G.C., female, 56 
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DISCUSSION 


It is evident from the results reported in Table 1 that the plasma of 
normal nonstressed subjects exhibits a corticotropic activity detectable 
when procedure A (i.e., direct injection of whole plasma) is employed. The 
blood ACTH titer, expressed in terms of milliunits per 100 ml. of plasma, 
appears to be in accord with previous findings described by our group else- 
where (4). Of special significance is the fact that the same plasma samples, 
assayed by the oxycellulose technique at a dose equivalent to the volume 
of plasma employed, failed to show any corticotropic activity.! 

We do not believe that this is due to the size of the injected dose. Sydnor 
and Sayers, in fact, employing the same technique and using doses even 
80-100 times as high, did not find an appreciable quantity of blood ACTH 
in normal man, 7.e., less than 0.5 milliunit per 100 ml. It would seem that 
this phenomenon should be correlated with the nature of the corticotropic 
substance present in plasma, which may be determined by the direct 
method. This substance, being thoroughly ultrafiltrable (3, 4) shows a 
relatively simple molecular structure and loses its activity in approxi- 
mately twelve hours when plasma is maintained at a temperature of +20° 
C. (2). It is, therefore, reasonable to assume that the complex treatment 
with oxycellulose may cause this loss of potency. 

Furthermore, it is worthy of note that in most cases of clear-cut hypo- 
corticism, little or no corticotropic activity was found when the direct 
method (Procedure A) was employed, whereas appreciable quantities of 
ACTH were reported when the Astwood oxycellulose technique (Procedure 
B) was utilized. There was only 1 exception; Patient No. 7 presented a 
normal behavior with the assay techniques used, although his blood ACTH 
level was above normal. 

These findings on subjects with hypocorticism are in good agreement 
with those of Sydnor and Sayers obtained on a group of similar subjects 
and by employing the same technique (Procedure B). The result of these 
observations suggests the presence of two different fractions of ACTH in 
human plasma. One, the “active” fraction, contains a labile and ultra- 
filtrable ACTH which may be determined by the direct method (Procedure 
A); the other which we call the ‘“‘activable”’ fraction is detectable only by a 
drastic procedure such as Astwood’s oxycellulose technique. ‘‘Active”’ 
ACTH is found mainly in the blood of normal subjects, whereas ‘‘activable 
ACTH seems to be present mainly in pathologic conditions. However, in 
the light of our present knowledge, it is not possible to attribute clinical 
significance to these observations. 





1 Assays on blood of normal subjects who received tenfold cm (equivalent to 5 ml. 
of plasma) have shown similar results. 
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On the other hand, the “‘activable’” ACTH occurs normally in the blood 
of some species of animals. Investigations (unpublished) conducted in this 
laboratory on hog plasma obtained from slaughter-houses, have shown that 
high corticotropic activity may be demonstrated only by using the oxycel- 
lulose technique (Procedure B). Similar results were obtained when rat 
blood was used (5). The existence of both an “‘active’”’ and an “activable’’ 
ACTH herein postulated may help in understanding the discordant ob- 
servations of various studies of blood ACTH. 


SUMMARY 


Blood ACTH has been assayed in normal subjects and in patients with 
hypocorticism. By using two different techniques, 1) the direct method, 
and 2) Astwood’s oxycellulose procedure, two fractions of ACTH have 
been found in human blood. One, called ‘‘active’’ ACTH, is a labile and 
ultrafiltrable fraction, which is mainly found in normal subjects. The 
other, called ‘‘activable’’ ACTH, is detectable only after treatment with 
oxycellulose. This form occurs mainly in the blood of human subjects with 
hypocorticism, but also normally in the blood of other species of animals. 
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Upton, Long Island, New York 


INTRODUCTION 


f gene comparative approach to the study of thyroid function, as illus- 
trated by the studies of Gorbman (1), Gudernatsch (2) and Payne 
(3) on lower vertebrates, has been profitable. Another type of comparative 
approach has been made, chiefly by Baumann (4), by studying the ability 
of the thyroid to accumulate various members of the halogen group of 
elements. This work dates from the fundamental demonstration by Bau- 
mann that the thyroid is capable of concentrating iodine. The introduction 


TaBLe 1. Periopic cHart or VIIA 








Element Atomic Wt. Connentration af Reference 
isotope by thyroid 








F 19 No 8 
Cl 35 Unknown — 
Br 80 Yes 7 
I 127 Yes 5 & 6 
At 211 Yes 10 





of radioisotopes of iodine in the investigation of thyroid function by Hertz, 
Roberts and Evans (5) and Hamilton, Soley and Eichorn (6) has helped 
to advance these studies. 

Likewise, the utilization of radioisotopes of fluorine and bromine (Perl- 
man (7), Wallace (8)) advanced the study of thyroid function concerning 
these halogens (Table 1). Following the discovery of Element 85 (astatine) 
by Corson, MacKenzie and Segre in 1940 (9), it is not surprising that the 
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ability of the thyroid to accumulate this newest and heaviest radiohalogen 
would be tested. Indeed, Hamilton (10, 11, 12), utilizing astatine™, a 
7.5-hour alpha particle and x-ray emitter, demonstrated the accumulation 
of astatine in the thyroid gland of the guinea pig, rat, monkey and man. 
Hamilton further showed that the thyroid apparently accumulates astatine 
in a manner similar to the accumulation of I'*!, although at a reduced rate, 
and that excessive amounts of iodide would depress the accumulation of 
astatine, whereas exogeneous TSH would increase the accumulation of 
astatine. Hamilton also presented data from extensive studies on the tissue 
distribution of astatine and the radiation effects resulting from its alpha 
particles. In addition, Pickering and Fisher (13) attempted radiothyroid- 
ectomy with astatine in rhesus monkeys without success. 

The studies here reported deal only with the thyroidal accumulation of 
astatine in the rat and the influence of thiouracil on this phenomenon. 


METHODS 


Male albino rats, each weighing 130 grams, were used for 2-hour, 8-hour and 18- 
hour astatine uptake studies. The astatine* solution was prepared by the method of 
Garrison (14) and injected intraperitoneally in a 1-ml. volume. In some cases the At?! 
contained small amounts of At?!® (Table 2); however, this contamination is of no conse- 


TABLE 2. SIMPLIFIED DECAY SCHEME FOR At”!° anp At?! 


























ASTATINE*!® 

Decays to Scheme Ts 
Po?!0 Electron capture 8.3 hrs 
Pb?07 80 Kv x-ray and 5.3 mev alpha 140 days 

ASTATINE*! 

Decays to Scheme Td 
(40%) Bi?” 5.9 mev alpha 7.5 hours 
Pb?07 2.5 mey gamma 50 = years 
(60%) Po™ Electron capture 7.5 hours 
Pb??? 80 Kv x-ray and 7.4 mev alpha 0.5 second 





quence in its physiologic effects in short-term experiments nor does At*” affect the count- 
ing procedure. At sacrifice, the thyroids were removed, weighed, placed in 3 cc. of 
Bouin’s fluid and the x-rays counted in a well-type scintillation counter against suitable 
standards. Throughout this study the astatine values are in terms of percentage of ad- 
ministered isotope found in the sample. Whole blood astatine studies were also made for 
each sacrifice time. 

The foregoing procedure was followed, using 200-gram rats of the same strain, and 
At”! for studies made twenty, forty and sixty minutes after injection. 
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In another study, 350-gram rats of the same strain received 0.2 per cent thiouracil in 
drinking water for eleven days, followed by a 1.5-hour astatine”*-*" uptake study. 
Rats not treated with thiouracil were used as controls. In this experiment the serum 
was counted rather than the whole blood. 

Radioautographs were prepared either by Bouin fixation and the routine histologic 
procedure, or by freezing the Bouin-fixed thyroid tissue, sectioning, staining with poly- 
chrome methylene blue and then placing these sections against NTA plates for from 
twelve to eighteen hours, after which the plates were fixed and developed. 

It is to be emphasized that with each astatine experiment described, an exact dupli- 
cate experiment was carried out with I'*!, In all experiments the rats were maintained 
on commercial rat food containing 5 parts per million of iodine, until the time of iso- 
tope injection. At this time food was removed, but drinking solutions were kept before 
the rats until sacrifice. 


RESULTS 


The thyroidal concentration of astatine at 1.5 hours after isotope admin- 
istration was too high to be explained by a simple diffusion scheme (Table 
3).when the percentage of administered astatine found in the thyroid was 


TABLE 3. RESULTS oF A 1.5-HoUR At?!*2!. UpTAKE STUDY ON 
MALE ALBINO RATS (350 GM.) 











Thyroid 229TC tyyroid Serum Thyroid %/Gm. 4 (%/Gm.)(.95)(.92) 








uptake - 
wt. (mg.) (% ) %/Gm. %/ee. % Jee. (%/ee.)(.99) 
18 1.2 67 0.29 231 204 
30 1.3 43 0.26 165 146 
22 1.3 59 0.26 227 200 
22 1.2 54 0.41 132 116 
23 9 56 0.380 189 167 





* F=Extracellular distribution of astatine corrected for fraction of water in extra- 
cellular phase and serum, and Gibbs-Donnan ratio. A value larger than 1 is significant. 


compared to the percentage found in the serum, either on a percentage per 
gram basis or after correcting the raw data by the method of Hastings and 
Kchielberger (15). When the percentage of administered astatine found in 
the thyroid was compared to the percentage of administered I'* found in 
the thyroid at 0.33, 0.67, 1.0, 2, 8 and 18 hours after isotope administration, 
more of the latter was found to have been accumulated by the thyroid 
gland (Fig. 1). The advantage of I! compared to astatine at the same 
intervals on a thyroid-blood basis was much less apparent when the period 
between isotope administration and sacrifice was short (Table 4). 

The common methods for extracting thyroxine (Chaikoff and Taurog 
(16)) and protein-bound iodine (Barker (17)) could not be applied to 
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TABLE 4. THE RELATIVE SELECTIVITY (R) OF RAT THYROID GLAND FOR 
I! COMPARED TO ASTATINE 











%/Thyroid 


oF 
Hrs. between isotope admin. & sacrifice = Zol 0. ancsn 
%/Thyroid 


(T!**) 





%/ec. blood 








1 





astatine because, in our hands, these procedures failed to distinguish be- 
tween thyroxine astatine or protein-bound astatine and inorganic astatine. 

When rats were treated with thiouracil, the thyroidal uptake of astatine 
at 1.5 hours after isotope administration was enhanced, in contrast to 
similar studies with I'*! (Table 5). Only in thiouracil-treated thyroids were 
the unique clusters of alpha tracks found (Figs. 2-6). 


TABLE 5. RESULTS OF RADIOACTIVITY MEASUREMENTS 1.5 HOURS AFTER ISOTOPE 
ADMINISTRATION TO 350-GRAM MALE RATS. THIOURACIL TREATMENT 
(0.2 PER CENT IN WATER) FOR ELEVEN DAYS 








Mean 
Mean Mean 
M %/Gm. 
Treatment No. of rats thyroid Zo %/Gim lt 
0 : 
wt. (mg.) uptake %/ec. serum 





Astatine+thiouracil 45* ‘ 86t 360* 
Astatine 23 ; 56 189 


T'314-thiouracil 43* ; 41* 74* 
yi31 22 139 255 





*=1 per cent level of confidence when tested against mean immediately below. 
+t=5 per cent level of confidence when tested against mean immediately below. 


DISCUSSION 


The fact that the rat thyroid gland will selectively concentrate astatine 
has been demonstrated by the previous work of Hamilton and in the pres- 
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Fig. 1. Percentage of administered isotope found in the thyroid gland plotted against 
hours between isotope administration and sacrifice. Note change in scale of percentage. 
Standard deviations reported with each point. 


ent study. In general, the rat thyroid gland concentrated less astatine than 
I‘3t under similar circumstances, although the apparent difference was less 
evident as the time between isotope administration and sacrifice was 
shortened. The reason for this difference between astatine and iodine ac- 
cumulation is not precisely known. The possibility that the alpha particles 
from astatine cause an immediate radiation effect on the ability of the thy- 
roid to concentrate halogens was tested by measuring the ['*! uptake with 
and without prior astatine administration (18). One group of rats was given 
astatine, followed two hours later by an 18-hour fixed-interval I'*! uptake 
study; control rats received I'*! only. After allowing the astatine to decay, 
the I!*! found in the thyroids of the two groups was not different. However, 
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Fig. 2. Radioautograph of rat thyroid (Bouin’s and hematoxylin, showing alpha particle 
tracks. Thyroid removed two hours after astatine administration. (500) 


the possibility of an early radiation effect from astatine cannot be dis- 
counted. 

It was not possible to determine if astatine was organically bound in the 
thyroid by use of conventional chemical techniques. The possibility that 
the thyroid fails to bind astatine which, in turn, inhibits further astatine 
accumulation likewise cannot be discounted. At the present time there are 
too many variables, not accurately measured, to determine by radioauto- 
graphic means if a significant number of alpha tracks are found in the col- 
loid as contrasted to the peripheral cells, although this technique holds 
promise for elucidating the presence or absence of hormonal astatine. How- 
ever, it seems unlikely that astatine is organically bound by the thyroid, 
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Fig. 3. Radioautograph of the thyroid shown in Figure 2, photographed with 
dark-field illumination. (200) 


since there have been no demonstrations that the thyroid binds any halo- 
gen but iodine (19). 

The enhancement of astatine uptake by thiouracil is a curious result that 
needs confirmation. No explanation is offered, although the presence of 
clusters of alpha tracks only in thiouracil-treated animals suggests that 
thiouracil may have an extrathyroidal effect upon the chemistry of asta- 
tine, causing the formation of aggregates of astatine atoms (Figs. 2-6). 
These clusters of alpha tracks are similar to what Hamilton (20) called 
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Fig. 4. Radioautograph of frozen section of thyroid (Bouin’s and polychrome methyl- 
ene blue). The thyroid tissue was taken from a rat 1.5 hours after astatine administra- 
tion. (Control for Figures 5 and 6.) 500 


“stars” and which he found in the liver of astatine-treated rats. It seems 
impossible at the present time to determine if such clusters of astatine 
alpha tracks are the result of a biologic accumulation of astatine atoms or 
merely the result of the administration of a colloidal solution of astatine. 

However, from the work of Astwood (21) and the VanderLaans (22) it 
is known that chronic thiouracil administration results in a fall of iodine 
concentration in the thyroid gland while the “‘iodide trap” is increased and 
the concentration gradient for iodide between serum and thyroid may like- 
wise be increased. Thus, the possibility that thiouracil, in the present ex- 
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Fig. 5. Radioautograph of thyroid (frozen section) treated with thiouracil. Fixation 
and staining as in Figure 4. Photographed with dark field illumination. Note presence 
of clusters of alpha tracks. ( X< 100) 


periment, enhanced the thyroid trap for a form of astatine corresponding 
to iodide should be considered. Experiments of the type reported by Van- 
derLaan and Caplan (23), in which the iodide space of the thyroid is cal- 
culated by difference (7.e., thiouracil-treated thyroid glands, with and with- 
out KSCN prior to death) might well be applied to similar experiments 
dealing with astatine. 
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Fia. 6. The thyroid shown in Figure 5 at a higher magnification. (800) 


SUMMARY 


Astatine has been found to be selectively concentrated by the rat thyroid 
gland. When the thyroidal uptake of astatine was compared to the thy- 
roidal uptake of I'*!, more of the latter was taken up by the rat thyroid, 
although this advantage in favor of I'*! was less apparent when the period 
between isotope administration and sacrifice was shortened. When rats 
were treated with thiouracil, the thyroidal uptake of astatine was enhanced 
and only in thiouracil-treated thyroid glands were clusters of alpha tracks 
found. These were thought to represent aggregates of astatine atoms. 
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Addendum 


While this paper was in press, Durbin et al. (Durbin, P. W.; Hamilton, J. G., and 
Parrott, N. W.: Proc. Soc. Exper. Biol. & Med. 86: 369, 1954) also reported that propyl- 
thiouracil enhances the thyroidal accumulation of astatine. 
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THE ACCUMULATION AND DESTRUCTIVE ACTION 
OF ASTATINE*" (EKA-IODINE) IN THE THYROID 
GLAND OF RATS AND MONKEYS*f 


JOSEPH G. HAMILTON, M.D., PATRICIA W. DURBIN, Pxu.D. ann 
- MARSHALL PARROTT, A.B. 
Division of Medical Physics, Experimental Radiology and Medicine, 
Crocker Laboratory, University of California, Berkeley and 
San Francisco, California 


INTRODUCTION 


N 1940 Corson et al. isolated a radioactive element, the chemical, 
physical and nuclear properties of which established it to be element 85, 
the last of the halogen group (1). This element, now named astatine (from 
the Greek &oraros, ““unstable’’) was produced by the transmutation of bis- 
muth by alpha-particles accelerated at 30 Mev! in the 60-inch cyclotron 
at the Crocker Laboratory, University of California at Berkeley. 
Hamilton and Soley compared the metabolism of I'*! and At?" in the 
guinea pig and demonstrated that At?!, like I'*!, was accumulated by the 
thyroid gland. This work included the use of not only normal animals but 
also guinea pigs in which thyrotoxicosis had been produced by the admin- 
istration of the thyrotropic hormone (2). Later, a more detailed report was 
presented by Hamilton et al., which was concerned with not only the me- 
tabolism but also the biologic effects of astatine in rats and monkeys. In 
this work, changes due to the destructive action of astatine in the thyroid 
gland were investigated at levels which essentially obliterated that organ, 
and also a rather detailed comparison was made of the metabolism of At?" 
and IJ'*! in the rat (3). 
The chemical properties of astatine have been investigated thoroughly 
by Corson et al. and Johnson ef al. (1, 4). Segré has stated that there is less 
known about the chemical properties of astatine than any of the other 98 
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elements (5). To date, 20 isotopes of astatine have been identified, all of 
which are radioactive and are primarily formed by transmutation by nu- 
clear reactions employing bismuth and other heavy metals as the target 
element. The longest lived radioisotope of astatine, At?!°, has a half-life of 
8.3 hours; but unfortunately this decays to form the radiotoxic Po!® with 
a half-life of 140 days (6). 

The radioisotope employed in the studies described in this paper and in 
previously reported experiments is At?! with a half-life of 7.3 hours, which 
decays by the emission of alpha-particles with an average energy of 6.9 
Mev. There is also present the 80 Kev x-ray from the 0.52 second Po”! 
daughter (6). 

METHODS 


The At*" was prepared by a modification of the procedure described by Garrison 
et al. (7). The I'** was obtained from the Oak Ridge National Laboratory, Oak Ridge, 
Tennessee. 

The animals employed in these experiments were 55-day old Sprague-Dawley female 
rats, and six-month to eight-month old rhesus monkeys, both males and females. The 
rats were maintained on a standard laboratory chow? which is in general use in the Uni- 
versity of California Radiation Laboratory (8), and were given tap water ad lib. Both 
At?" and I'*! were given to the rats via the surgically exposed external jugular vein. The 
solutions administered were isotonic and buffered to pH 7. The amounts of At?" ad- 
ministered ranged from 0.4 to 1.8 microcuries per gram of body weight. The I'* was ad- 
ministered at dosage levels of i0, 30, 50 and 70 microcuries per gram. During the first 
two weeks after injection of either At?“ or I the animals were examined several times 
a day, and moribund animals were sacrificed and autopsied. Since the mortality as well 
as the acute and chronic effects of these two radiohalogens was of interest, no animals 
were deliberately sacrificed unless it was felt that they would not survive for more than 
a few hours. At the end of the first week, when it was considered safe to handle the ani- 
mals, they were weighed individually every week for the first month and every two weeks 
thereafter. 

In order to evaluate adequately the effect of massive doses of At?" and I'* on the 
growth of the rat, we employed the method of Norris and Evans, in which the growth 
trend of normal animals is included in the calculation of the per cent of normal weight 
for the experimental animals (9). The per cent control weight is calculated from the 
following equation: 

W (0) Wap 
Q.1,1, (per cent control weight) = X xX 100, 
Wao Wow 


where W ,0) is the weight of the control animals at the start of the experiment, W,0) 
is the weight of the experimental animals when injected, W(,1) is the weight of the con- 
trols at any subsequent time, t, and W z,,) is the weight of the injected animals at time, 
t. The use of the per cent control weight thus calculated makes possible the direct com- 
parison of the effects on weight and growth of the toxic agent at different dosage levels 





* This diet contains added potassium iodide, 300 milliliters of an 0.45 per cent solu- 
tion for every 270 pounds of feed. 
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and their separation from the normal growth pattern. It is justified in this case, because 
the rats used in these experiments were all the same age and very nearly the same weight 
when they were injected with either At or I". 

Rats receiving the lower doses of At?! have been followed for as long as a year in 
some cases, not only from the point of view of general appearance and growth, but also 
for the purpose of detection of mammary tumors. The I'*! rats are being maintained for 
the same purpose, but so far the degree of chronicity of this part of the experiment is not 
as great as in the animals given At”, 

The tissues of interest in the acute studies on animals receiving either At?" or I'*! are 
the thyroid gland and the peritracheal structures. In the chronic studies the following 
tissues were taken in addition to those mentioned previously: pituitary gland, mammary 
tumors, and pulmonary metastases when present. With the exception of the pituitary 
gland, which was fixed in Zenker formol, the tissues were routinely fixed in 10 per cent 
neutral formalin, dehydrated and cleared with dioxane, and embedded in paraffin. Sec- 
tions were from 5 to 8 microns in thickness and were stained with hematoxylin and eosin. 

The monkeys, 4 males and 2 females, were fed ‘“‘Chim biscuits,” reconstituted milk, 
fresh fruit, and vegetables, bananas and peanuts, and were given tap water ad lib. They 
were maintained in a thermostatically controlled room at 78° F. at about 70 per cent 
humidity. The At?" was administered intraperitoneally at levels ranging from 0.42 to 
0.82 microcurie per gram. One pair of monkeys has been under observation for more 
than a year and another pair for nine months. Since the first week after injection they 
have been weighed periodically, and detailed notes have been kept regarding the changes 
in their genera] condition and appearance. 

A previous report has described a reversible simian myxedema one year after the 
parenteral administration at At?! (3). This animal was given approximately 100 micro- 
curies of At?" (about 0.08 microcuries per gram) injected into the anterior chamber of 
the eye. Results of this procedure have been described by Shaffer (10). Two years after 
the At?!" injection the animal was given a tracer dose of 100 microcuries of I'* intraperi- 
toneally and was sacrificed the next day. Radioautographs were prepared from sections 
of tissue taken from the region of the larynx, in order to detect the presence of any 
epithelial cells which might have the ability to accumulate and retain I'*". Several other 
tissues were taken from this animal at autopsy, including the pituitary gland, which was 
fixed in Zenker formol. Sections of both peritracheal tissue and the pituitary gland were 
stained, using Koneff’s modification of the Mallory-Azan technique (11). 


RESULTS 


The growth curves of the rats receiving I'*! at levels of 10, 30, 50 and 70 
microcuries per gram are presented in Figure 1. There may be noted an 
initial drop between the tenth and twenty-fifth day after I'*! administra- 
tion. This drop was considerably greater for the 50 and 70 microcurie 
groups as compared to the two groups receiving 10 and 30 microcuries of 
I'5! respectively. After the thirtieth day, the decrease in per cent of control 
weight tended to be rather similar for all four groups. The At?! growth 
curves are shown in Figure 2. Here may be seen an initial decrease in per 
cent of control weight, which seemed to occur within approximately the 
first ten days. Subsequently, the growth curves crossed, and later it would 
seem that the 1.6 and 1.8 microcurie groups showed a greater depression of 
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Fig. 1. The effect of a single intravenous injection of I'*! on the growth of the Sprague- 
Dawley female rat. The rats were 55 days of age when injected. The weights are ex- 
pressed as per cent of control weight, calculated as shown under Methods. 


growth. The preciseness of these curves is subject to some statistical fluctu- 
ation, in view of the limited number of animals available. 

The body weight in kilograms of 2 male control monkeys and 2 males re- 
ceiving 0.42 microcurie per gram of At?! and 2 females receiving 0.80 


microcurie per gram of At?! may be seen in Figure 3. In this instance, no 
definite effect on growth was evident until after the two-hundredth day fol- 
lowing the administration of At". After this time, there appeared to be a 
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Fia. 2. The effect of a single intravenous injection of At?" on the growth of the Sprague- 
Dawley female rat. The rats were 55 days of age when injected. The weights are ex- 
pressed as per cent of control weight, calculated as shown under Methods. 
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Fia. 3. The effect of a single intraperitoneal injection of At*" on the growth of the 
rhesus monkey. Dose, age and sex are indicated in the figure. 


Fig. 4. The effect of a single intravenous injection of either At™ or I" on the growth 
of the Sprague-Dawley female rat. From left to right are shown: a rat that had received 
1.8 microcuries of At" per gram, a normal control rat, and a rat that had received 70 
microcuries of I‘! per gram. The animals were all 90 days of age when the photograph 
was taken. The radiohalogens were administered when the aninials were 55 days old. 
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Fig. 5. The histopathologic changes in the thyroid gland of a rat eight days after the: 
administration of 70 microcuries of I*' per gram. Almost total obliteration of all of the 


follicles may be seen, with a minimal degree of hemorrhage. Magnification 100. Stain: 
H and E. 


difference in the increment of body weight in the control animals as com- 
pared to that in the experimental animals. 

Another indication of the disturbance in the pattern of growth in the rat 
is presented in Figure 4. On the left there is shown a rat that had received 
1.8 microcuries of At” per gram and on the right an animal that had been 
given 70 microcuries of I'*! per gram. In the center is a control animal. 
These three animals were all 90 days of age, and thirty-five days had elapsed 
since the radiohalogen was given to each of the two experimental animals. 
The difference in growth is quite evident, and it may be seen that the de- 
gree of depression of growth is approximately the same in the two rats re- 
ceiving either ['* or At?!, 

The effect upon the thyroid gland of a rat receiving 70 microcuries of 
I! per gram is shown in Figure 5. Eight days had elapsed between the 
time of the administration of the I" and the sacrifice of the animal. There 
was some hemorrhage, which is not too evident in this type of photomicro- 
graph. What appears to be the remnants of two large follicles may be seen, 
but the degree of injury to the thyroid is obviously extreme. The overall im- 
pression is that, had this animal not been sacrificed and had survived, the 
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Fia. 6. The chronic histopathologic changes in the peritracheal region of a rat that 
had received 70 microcuries of I'*' per gram and was sacrificed fifty-six days later. Com- 
plete destruction of the thyroid gland is apparent, as well as an extreme degree of injury 
to the parathyroid gland shown at the lower right. Magnification 50. Stain: H and E. 


end-effect would have been a very marked degree of fibrosis and complete 
ablation of thyroid tissue. The chronic effect of the administration of 70 
microcuries of I'*! per gram is shown in Figure 6. This animal received 70 
microcuries per gram of I'*! and was sacrificed fifty-six days later. There is 
no visible evidence of thyroid tissue and extensive fibrosis may be seen. 
The degree of injury to the parathyroid gland is shown in the lower right- 
hand corner of the photomicrograph and apparent injury was observed in 
other peritracheal structures adjacent to the site of the thyroid gland. 

The acute changes observed in the thyroid gland seven days following 
administration of 1.8 microcuries per gram of At”!! may be seen in Figure 7. 
In comparison to the acute study employing I'*! there may be seen several 
follicles which appear to have been less severely injured in this interval of 
time. Unlike the I'*! photomicrograph, extensive hemorrhage may be seen. 
Figure 8 shows the chronic destructive action of 0.8 microcurie per gram of 
At?! upon the thryoid gland of the rat at the end of one year. The para- 
thyroid gland on the left shows no visible evidence of injury, whereas there 
is no recognizable thyroid tissue. 

In Figure 9 is presented a section of thyroid and parathyroid tissue from 
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4 ee ie e 

Fig. 7. The histopathologic changes in the thyroid gland of a rat eight days after the 

administration of 1.8 microcuries of At? per gram. Numerous large follicles remain, 

which show some evidence of injury. Marked hemorrhage may be seen in this prepara- 
tion. Magnification 155. Stain: H and E. 


a monkey that had received 0.08 microcurie of At?" per gram two years pre- 
viously. The section was mounted on NTB stripping film. Here there is no 
visible evidence of follicles. However, dark areas represent regions in which 
a tracer dose of I'*! was accumulated by atypical epithelial cells. The para- 
thyroid gland at the top appears normal. For purposes of comparison, a 
section of the thyroid and parathyroid gland of the normal monkey is 
shown in Figure 10. A section of the anterior pituitary gland of the monkey 
treated with At?! is shown in Figure 11. Representative changes may be 
seen in the large basophil in the center of the photomicrograph; these are 
characteristic of changes observed following prolonged hypothyroidism 
(12). 

A high incidence of neoplastic changes in mammary tissue was noted in 
rats receiving At*!! at dosage levels ranging from 0.4 to 0.8 microcurie per 
gram. Since there was no statistically significant difference between the 
incidence of tumors at these high and low dosage levels, the results pre- 
sented are the average for all of the animals involved. 

Figure 12 presents the incidence of these mammary tumors as a function 
of age. Frequently these tumors were multiple and ultimately became so 
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Fig. 8. A section of the thyroid and parathyroid glands of a rat that had received 0.9 
microcurie of At?! per gram and was sacrificed at the end of one year. There appears to 
be no normal thyroid tissue, but the parathyroid gland appears undamaged. Magnifica- 
tion X100. Stain: H and E. 


large that they weighed as much as 100 grains. Occasionally pulmonary 
metastases were seen that were presumably from the mammary tumors. 
In Figure 13 is shown a photomicrograph of a primary mammary tumor 
and in Figure 14, at the same magnification, may be seen a section of a 
pulmonary metastasis. The pulmonary metastasis shows duct-like struc- 
tures which were also noted in the primary tumor. The rat in which this 
tumor and metastasis were observed had received 0.8 microcurie per gram 
of At”! and was sacrificed two hundred and thirty-five days later. 


DISCUSSION 


The initial change in the growth pattern observed in rats receiving either 
At?! or I*! may be ascribed to radiation injury, and the subsequent devia- 
tion from the normal growth rate is presumably related to endocrine disturb- 
ances resulting from the lack of the thyroid hormone. Similarly, the same 
interpretation may be applied to the experiments in which monkeys were 
given At?, except that there does not appear to be a clear-cut radiation 
effect at the dosage levels employed. 

The disassociation of radiation effects from the adverse response of the 
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Fig. 9. An NTB stripping film radioautograph of tissue taken from the peritracheal 
region of a monkey that had received 0.08 microcurie per gram of At?" two years pre- 
viously. A tracer dose of I'*! was given twenty-four hours before sacrifice. This prepara- 
tion demonstrates the accumulation of I'** by atypical ephithelial cells. No recognizable 
follicles can be seen. The parathyroid gland shown in the upper portion of the figure 
appears completely normal. Magnification 120. Stain: H and E. 


animals to a prolonged deficiency of the thyroid hormone presents a very 
real problem. Earlier attempts were made in this laboratory to separate 
these two processes in rats receiving lethal amounts of At*!". This was done 
by the administration of stable iodine at a level of approximately 10 milli- 
grams per kilo for six days prior to the administration of At’. Even 
though it was found that the thyroid glands of the animals so treated were 
completely protected against the destructive action of At?"!, all of these 
animals died in less than two weeks, whereas several animals with unpro- 
tected thyroid glands have survived for nearly eight months. As yet no sat- 














October, 1954. EFFECT OF ASTATINE* ON THE THYROID 1171 





Fie. 10. A section of the thyroid and parathyroid glands from a 
normal monkey. Magnification 120. Stain: H and E. 


Fig. 11. A section of the anterior lobe of the pituitary gland from the monkey whose 
thyroid gland is shown in Figure 9. In the center of the preparation there may be seen a 
large “thyroidectomy basophil.”’ Magnification 250. Stain: Mallory-Azan. 
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Fig. 12. The incidence of mammary tumors in Sprague-Dawley female rats following 
a single intravenous injection of At?". The rats were 55 days of age when injected and 
were given 0.4 to 0.8 microcurie of At?" per gram of body weight. No tumors were ob- 
served prior to the one hundred and thirty-fifth day after the injection. To date no 
mammary tumors have developed in any of the 20 control animals. 





Fig. 13. A section of a mammary tumor taken from a rat that had received 0.8 micro- 
curie of At®! per gram two hundred and thirty-five days before sacrifice. The fibrous 
character with duct-like structures is apparent. Magnification X80. Stain: H and E. 
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Fig. 14. A section of a pulmonary metastasis removed from the animal represented in 
Figure 13. The general overall appearance resembles that of the primary tumor. Mag- 
nification 80. Stain: H and E. 


isfactory explanation of this phenomenon can be given (13). Obviously 
much work remains to be done in order to differentiate adequately between 
the action of the ionizing radiation from either I'*! or At?! and the subse- 
quent effects of prolonged hypothyroidism resulting from radiothyroidec- 
tomy. Attention should be drawn to the fact that in the monkey irrepar- 
able radiation injury has been observed in tissues and organs other than the 
thyroid gland following the administration of At?" (14). 

Comparing Figures 5 and 7 it may be seen that there is a marked differ- 
ence between the microscopic appearance of the thyroid glands of the rats 
given I'*! and those receiving At. The more uniform and complete de- 
struction of the thyroid gland by the beta particles from I is presumably 
due to their greater range in tissue, which is a maximum of 2,000 microns. 
When At?! was given the injury seemed to be localized in the smaller fol- 
licles, especially those in the central portion of the gland. The non-uniform 
distribution of At?! could account for the irregular character of the ob- 
served damage. Evidence for this interpretation may be derived from At” 
radioautographs prepared from the thyroid gland of the rat. An irregular 
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deposition of At?! in different follicles was evident and, in general, the de- 
position was greater in those that were centrally located (3). The explana- 
tion for the type of injury to the thyroid gland from At?" is reasonable, 
since the range of its densely ionizing, high-energy alpha particles is but 70 
microns. Furthermore, it is possible that some of the larger follicles, par- 
ticularly those at the periphery, may have been less severely damaged. It 
is also likely that the smaller follicles which are presumably in a state of 
greater physiologic activity accumulated more At?" than did the larger 
ones. 

When the chronic injury to the thyroid glands from animals given At?" 
is compared with that in animals given I'*', the effects of the more penetra- 
ting beta-particles from I"*! is even more striking. When I"* is given, the 
parathyroid gland, which is quite radio-resistant, is almost completely 
obliterated. In contrast, in the chronic At”! experiments with both rats 
and monkeys, photomicrographs of the thyroid region showed no visible 
damage to the parathyroid gland, although in both instances the thyroid 
gland itself was completely destroyed. This is a further demonstration of 
the localized action of the energetic short-range At?" alpha particles, in con- 
trast with the more widespread damage resulting from the phenomenon of 
radiation leakage of the more penetrating beta particles from I'*! and to a 
lesser degree from the associated complex of gamma rays from its decay. 
The injury seen in these experiments due to the ionizing radiation from the 
I’! accumulated by the thyroid gland is so extensive that not only are the 
thyroid and parathyroid glands destroyed, but there is also considerable 
damage to the adjacent peritracheal structures. Goldberg e¢ al., using I'*, 
have shown complete obliteration of the thyroid gland in the rat and some 
evidence of damage to adjacent peritracheal structures. Injury to the para- 
thyroid gland was minimal. However, the maximum amount of I"! given 
was approximately one twentieth of that used in certain of these studies 
(15). 

The subsequent accumulation of a tracer dose of I'*! by atypical epithe- 
lial cells in the peritracheal region of a monkey two years after the admin- 
istration of At?" is of interest, since it corroborates Gorbman’s experiments 
on mice showing that such cells apparently do not attempt any extensive 
follicular formation even after such an extended period of time (16). 

The complexity of the chemistry of astatine has already been described 
elsewhere (1, 4). In the body, there is the possibility that astatine may exist 
in as many as six different chemical states at pH 7. It is also likely that 
these six chemical states may be in rapid equilibrium with each other. The 
entry of At* into the thyroid gland presumably occurs in the minus 1 
valence state, which is expressed as At~. Evidence of this has been derived 
from a study by Taurog et al. In these experiments the I- in the thyroid 
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gland was compared to the plasma level of I-. A selective concentration 
was found, but it was relatively small in comparison to the total accumula- 
tion of iodine by the thryoid gland. The ratio of I- in the thyroid gland to 
I- in the plasma of the rat was of the order of 20 (17). This effect with Br- 
(to a much more limited degree) was observed by Simon, using stable bro- 
mine. Perlman et al. also demonstrated the selective uptake of Br- by the 
thyroid gland, employing radioactive Br- as a tracer (18, 19). Presumably 
the reason that no further accumulation occurred was because there are no 
enzyme systems present in the thyroid gland capable of oxidizing Br- to 
free bromine so that bromine homologues of the iodinated amino acids in 
the thyroid gland could be produced. Due to the short half lives of known 
radioistopes of astatine and the chemical difficulties in attempting to study 
the biochemistry of astatine directly in the thyroid gland, all that can be 
done is to speculate as to the mode of accumulation and retention of asta- 
tine in this organ. An attractive hypothesis is that it enters as At,— and a 
significant fraction is oxidized to free astatine. The At.° is presumably oxi- 
dized from At~ by the epithelial cells and then is in part loosely bound to 
the thyroglobulin of the colloid. There is concrete evidence that the metabo- 
lism of astatine by the thyroid gland is not entirely comparable to that of 
iodine, since approximately one half of the At?! was leached from the thy- 
roid gland when 80 per cent alcohol was used as a fixative (13). This is 
possible evidence of the loose binding of At?" as compared to I'*! in the thy- 
roid gland of the rat. 

The increased incidence of mammary tumors following the administra- 
tion of relatively small amounts of At*"4 was not anticipated. Thirty rats 
that received from 0.4 to 0.8 microcurie of At! per gram and 20 control 
rats, have now been observed for three hundred and twenty-five days. The 
first tumor was noted on the one hundred and thirty-fifth day after the in- 
jection, or when the animal was six months old. To date tumors have devel- 
oped in 11 other injected animals whereas none has been seen in the control 
rats. In a lengthy study on a similar strain of albino rat at the Wistar In- 
stitute, it was found that spontaneous mammary tumors seldom developed 
before the age of 1 year; the average age of incidence for malignant growths 
was four hundred and sixty days and for benign growths, six hundred and 
fifty days. In 10 per cent of the cases there were multiple sites of origin 
(20). The mammary neoplasms observed in the At”! studies appeared to 
be malignant in character, and the observation of pulmonary metastases 
showing the same general structure seems to confirm this interpretation. 
Since the incidence and character of the mammary tumors did not seem to 
be closely related to the amount of At?! given, it would appear that they 
were not the result of the direct action of the ionizing radiation of At?". 
Therefore, it is reasonable to conclude that the increased incidence of mam- 
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mary tumors following the administration of At”! was due to endocrine 
disturbances. It has been demonstrated here that At*" is capable of de- 
stroying the thyroid gland, and subsequently producing changes in the 
anterior pituitary gland in the monkey. Other investigators have observed 
the occurrence of mammary tumors in the female rat, which have been as- 
sociated with abnormalities of the pituitary gland and ovaries (21, 22). 


la. 


b. 


6a. 


b. 


SUMMARY 


A disturbance in the rate of growth in rats and monkeys has been 
demonstrated following the administration of At?". This phenomenon 
has also been seen in rats given I'*!, 

The initial effect upon the growth of the rat following the adminis- 
tration of either I'*! or At?" at lethal levels may be ascribed to acute 
radiation injury. The later disturbances in growth appear to be a re- 
sult of endocrine changes due to lack of the thyroid hormone. 


+, The growth pattern in the monkey indicates that the decrease in 


growth rate of animals receiving At?" is presumably the result of 
endocrine changes. 

Simian myxedema has been observed in 4 monkeys treated with At”. 
A striking difference was seen in the rat between the thyroidal effects 
of I'*! and At?" at high dosage levels. These differences appeared to 
be quantitative as well as qualitative. 

The chronic effects of irradiation of the thyroid gland with large 
doses of I'*! in the rat were not only complete obliteration of the 
thyroid gland, but almost complete destruction of the parathyroid 
gland and damage to the adjacent peritracheal structures. 

Chronic experiments in the monkey and the rat with At?" did not 
result in any injury to the parathyroid gland and adjoining peritra- 
cheal structures. 

Two years after apparently complete destruction of normal thyroid 
tissue by At?! in a monkey there were atypical cells present which 
demonstrated the capacity to accumulate and retain a tracer dose of 
p31, 

Thyroidectomy cells were seen in the anterior lobe of the pituitary 
gland of this monkey. 

A high incidence of mammary tumors was observed in the rat fol- 
lowing administration of At®!. These tumors appeared neoplastic 
and, on occasion, there were pulmonary metastases. The occurrence 
of these tumors is ascribed to endocrine changes rather than to the 
direct action of radiation from At*". 
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ARLY experimental and clinical studies suggested that the thyroid 

gland was relatively resistant to irradiation (1, 2). More recently, 
either external or internal irradiation of the thyroid gland has been em- 
ployed with success in the treatment of patients with Graves’ disease, with 
certain thyroid carcinomas and with intractable cardiac disease. Destruc- 
tive lesions of the thyroid glands of various animals have been produced 
by the administration of I'*! (radioactive iodine) (3). These more recent 
observations have indicated that functional and structural injury of thy- 
roid tissue may be caused by various forms of radiations. 

In the few histologic reports of irradiated human thyroid glands, many 
different lesions have been attributed to irradiation. Our studies have sug- 
gested that not all the changes observed in irradiated human thyroid 
glands are actually due to irradiation but may have been caused by disease, 
aging or the effects of drugs (4, 5). 

The main purpose of the present investigation was to study further and 
to compare the histologic effects of various forms of ionizing radiation on 
58 normal and hyperplastic human thyroid glands. In this report, we are 
describing and illustrating the lesions observed in human thyroid glands 
internally irradiated from I'*!, externally irradiated with x-rays or neu- 
trons, or irradiated from radon seeds implanted in the thyroid gland. We 
are emphasizing 1) the differentiation of lesions due to irradiation from 
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those occurring from other causes; 2) the histogenesis and the significance 
of radiation injury in the thyroid gland; 3) the relation of radiation injury 
to the altered course of Graves’ disease; and 4) the relationship of the 
epithelial proliferative reactions in the irradiated thyroid gland to the pos- 
sible development of thyroid neoplasms. 


MATERIALS AND METHODS 


The present study was based on the histologic examination of the thy- 
roid glands and on the clinical records of 58 patients in whom the thyroid 
glands were irradiated either externally or internally. The majority of pa- 
tients with thyroid diseases were from the University of California Hospital 
and were observed by members of the Thyroid Clinic. 

The largest group consisted of 24 patients receiving I'* in the treatment 
of hyperthyroidism (Graves’ disease) and included several cases not re- 
ported previously (4). The technique of therapy with I'*! has been de- 
scribed elsewhere (4, 6). These patients had toxic diffuse goiters. In addi- 
tion, there were 5 patients with toxic nodular goiters treated with I'*. 
Eleven patients with hyperthyroidism were treated with x-rays, and 9 hy- 
perthyroid patients were treated preoperatively by implantation of radon 
seeds in their thyroid glands. The histologic changes observed in the latter 
group have been briefly described previously (7). 

For further comparison of the effects of internal irradiation on hyper- 
plastic and normal glands, 2 euthyroid patients receiving I'* were studied. 
The thyroid glands of 5 additional euthyroid patients (most of whom had 
laryngeal carcinoma) had received external irradiation with x-rays. Two 
patients had been treated by irradiation with neutrons from the 60-inch 
medical cyclotron.’ 

The dosage of irradiation, the interval between time of irradiation and 
removal of the thyroid tissue, and a summary of the histologic changes in 
the thyroid gland are shown in Tables 1-7. The thyroid tissues following 
irradiation were obtained at thyroidectomy, autopsy or biopsy. The thy- 
roid tissues had been fixed in 10 per cent formalin and the sections stained 
with hematoxylin and eosin. Hematoxylin-van Gieson, Laidlaw and col- 
loidal iron-Prussian blue stains were applied to selected tissues. Three 
glands which had been irradiated from ['*! were studied histochemically 
for dehydrogenase activity (8). Radioautographs were made from sections 
of 8 of the thyroid glands (9). 





1 These 2 patients received neutron therapy under the direction of Robert 8. Stone, 
M.D. in the Crocker Laboratory at the University of California, Berkeley, California. 
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TABLE 1. DaTA ON 24 PATIENTS WITH TOXIC DIFFUSE GOITER TREATED WITH [!*! 







































































No. Paget thi aoe Tiss he ; Pathologic findings in thyroid 
Grovp I 
1 F —31 10,765 4 148 Hyperplasia 
2 F —40 471 2 14 Hyperplasia 
3 F —24 1,000 1 129 Hyperplasia 
4 F —5l 5,069 4 64 Hyperplasia 
5 M—24 7,000 1 12 Perifollicular and_ interlobular 
edema and fibrosis 
6 F —50 5,700 2 416 Hyperplasia with extreme cellular 
and nuclear pleomorphism 
7 F —33 9,961 + 189 Hyperinvoluted; multiple nod- 
ules consisting of large follicles 
Group II 
8 F —6l 4,000 1 48 Focal intrafollicular epithelial 
proliferation and giant cell re- 
action 
9 F —70 1,961 3 67 Hyperplasia with early Hashi- 
moto thyroiditis 
10 F —32 500 2 30 Hashimoto thyroiditis 
11 F— 5 1,048 2 23 Hyperplasia with Hashimoto thy- 
roiditis 
12 M—49 3,918 3 48 Hyperplasia with Hashimoto thy- 
roiditis 
13 F —35 553 3 81 Hashimoto thyroiditis 
14 F —32 8,200 4 70 Hashimoto thyroiditis 
15 F —22 4,544 3 66 Hashimoto thyroiditis 
16 M—63 5,470 5 95 Hashimoto thyroiditis 
17 F —55 3,112 3 96 Hashimoto thyroiditis. Extensive 
scarring with atrophic follicles 
18 F —24 2,307 3 2,044 Hashimoto thyroiditis and peri- 
follicular fibrosis; multiple nod- 
ules, majority appearing neo- 
plastic 
(Continued) 


INTERNAL IRRADIATION FROM [!*! 


Although increasing numbers of patients are being treated with I'*!, de- 
tailed descriptions of the histologic effects of internal radiation on the hu- 
man thyroid gland have appeared relatively recently. Chapman and Evans 
(10) first described glandular fibrosis with residual small islands of small 
thyroid follicles containing giant nuclei in an irradiated toxic nodular goi- 
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TABLE 1 (Continued) 
: | 2 
No. | rar age | ates | = eis ; Pathoiogic findings in thyroid 
Grovr III 

19 F —50 6,290 4 445 Atrophic, with perifollicular and 
interlobular fibrosis; multiple 
nodules composed of fetal-sized 
follicles 

20 F —64 13,589 10 485 Atrophie with multiple degener- 
ating nodules 

21 F —47 23 ,439 6 231 Mildly atrophic with diffuse in- 
terlobular and _ intrafollicular 
fibrosis 

22 F —26 21,829 6 504 Atrophic with perifollicular fibro- 
sis; small nodules, probably 
compensatory 

23 F —64 15,701 9 558 Atrophie with fibrosis; few small 
nodules, probably compensa- 
tory 

24 F —58 24,010 3 253 Atrophic, with extensive inter- 
lobular and perifollicular fibro- 
sis 




















* Total oral dose of I'*! in microcuries. 


+ Days from first dose of I'* to obtaining specimen of thyroid. 


TABLE 2, DATA ON 5 PATIENTS WITH TOXIC NODULAR GOITER TREATED WITH [!*! 




















Sex and Total Number | Days to 
No. age dess* af dads sciaaad Pathologic findings in thyroid 
1 F—66 12,878 8 217 Atrophic; involutionary nodules 
displaying degeneration 

2 F—77 18,000 2 270 Involutionary nodules with de- 
generation 

3 F—54 14,505 5 159 Multiple involutionary nodules 
with hemorrhage and degenera- 
tion 

4 F—49 16, 966 5 306 Atrophic with _ interfollicular 
fibrosis; multiple involutionary 
nodules with degeneration 

5 F—30 7,985 4 77 Adenoma; Hashimoto thyroiditis 











* Total oral dose of I’ in microcuries. 
Tt Days from first dose of I'*' to obtaining specimen of thyroid. 
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TABLE 3. DaTA ON 2 PATIENTS WITH NORMAL THYROID GLANDS IRRADIATED WITH [!*! 











Days 
Sex Total Num- to : ; : 
No. and desl ber of epeci- Pathologic findings in thyroid 
age doses ment 
1 M—53 50,618 4 70 Extensive epithelial necrosis with 
subacute inflammation 
2 M—49 27,700 1 56 Extensive epithelial degeneration 
and fibrosis 




















* Total oral dose of I'*' in microcuries. 
t Days from first dose of I'*! to obtaining specimen of thyroid. 


TABLE 4. DATA ON 11 PATIENTS WITH TOXIC DIFFUSE GOITER OR TOXIC NODULAR 


GOITER TREATED WITH X-IRRADIATION 





























Radiation dose* 
Sex To Time 
No. and To center to Pathologic findings in thyroid 
age thyroid of specimen 
gland either 
lobe 
1} F—70 | 1330r 825 r 9 yr. 8 mo. | Lobular and follicular atrophy 
1330 r 825 r 9 yr. 6 mo. with wide interlobular septums 
1330 r 825 r 9 yr. 2 mo. and delicate perifollicular fibro- 
sis; single degenerated nodule 
2| F—50 | 1330r 825r | 35 days Interlobular edema, fibrosis and 
lymphoid infiltration; minimal 
perifollicular fibrosis 
3} F—41 | 1360r 864 r 2 yr. Mild interlobular fibrosis 
1360 r 864 r lyr. 9 mo. 
1330 r 810 r lyr. 6 mo. 
4} F—49| 1350r 850 r | 12 yr. 3 mo. | Mild follicular atrophy; mild in- 
1350 r 850 r | 12 yr. 1 mo. terlobular and perifollicular fi- 
1350 r 850 r | 11 yr. 11 mo. brosis; multiple hyperplastic 
nodules, many with Hiirthle 
cells 
5 | F—30 | 1320r 805 r 8 mo. | Interlobular and perifollicular fi- 
1320 r 805 r 63 mo. brosis; areas of Hashimoto thy- 
roiditis 











(Continued) 
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TABLE 4 (Continued) 





Radiation dose* 

















Sex | To Time 
No. and To | center to Pathologic findings in thyroid 
age thyroid | of specimenft 
gland | either 
| lobe 
6 | F—49 | 100 r | 21 yr. Perithyroid fibrosis; extensive peri- 
| 1050 r | 15 yr. follicular fibrosis; many areas of 
| 450r | 14 yr. Hashimoto thyroiditis; multiple 
nodules, some neoplastic 
Tissue dose at 3 
em. depth in 
center of gland 
7 | F—60 | 1000r 23 mo. | Mild perifollicular fibrosis 
8 | M—56 | 1000 r 63 mo. | Interlobular fibrosis and edema; 
1000 r 54 mo. mild hyperplasia and hyperin- 
1000 r 23 mo. volution, with focal Hashimoto 
thyroiditis 
9] F—43 | 1000r 3 mo. | Interlobular and perifollicular fi- 
brosis, pronounced in many 
areas; focal Hashimoto thyroid- 
itis 
10} F—88 | 1000 r 2 mo. | Interlobular fibrosis; many areas 
of Hashimoto thyroiditis 
Tissue dose at 3 
em. depth 
11 | F—#8 760 r (left lobe) 5 mo. | Minimal interlobular and perifol- 
960 r (right 5 mo. licular fibrosis 








lobe) 











* The total irradiation for each course was given during six to nine days in all cases 
except Case 6, in which the dose was delivered in six to seven weeks. 
t From first irradiation to obtaining specimen of thyroid. 
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TABLE 5. DATA ON 5 PATIENTS WITH NORMAL THYROID GLANDS SUBJECTED TO 
X-IRRADIATION 








Esti- 
mated 
radia- 
Sex ‘ tion Day ? Time Pathologic findings in 
No.| and Disease ddan in to thyroid 


; * 
age to cen- course | specimen 


ter of 
thyroid 





1 | F—65 | Ca. thyroid | 830r 62 | Approx. | Mild follicular atrophy and 
2 years mild perifollicular and 
perilobular fibrosis: con- 
centric perivascular fibro- 
sis 


2 | M—53 | Ca. larynx | 4300r 35 | 610 days | Lobular and follicular atro- 
3500 r | 31 475 days phy; pronounced perifol- 

870 r 7 | 271 days licular and perilobular fi- 
1700 yr 7 210 days brosis, with infiltration 


(inter- by lymphoid and plasma 
stitial cells; intimal fibrous 
radium thickening of larger ar- 
implan- teries 

tation 

in side 

of 

neck) 


3 | M—55 | Ca. vocal 1250 r 24 85 days | Mild perilobular fibrosis; 
cords mild intimal fibrous 
thickening of arteries; fi- 
brous and lymphoid infil- 
tration of large venous 
walls 





4 | M—69 | Ca. larynx 225 r 4 17 days | Follicular atrophy with 
mild perifollicular fibro- 
sis; mild intimal fibrosis 
of large veins 


5 | M—58 | Ca. larynx | 1470r 24 | 162 days | Moderate __intrafollicular 
epithelial desquamation 























* From first irradiation to obtaining specimen of thyroid. 
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TABLE 6. DaTA ON 9 PATIENTS WITH TOXIC DIFFUSE GOITER TREATED 
WITH IMPLANTED RADON SEEDS 








Duration 
of 
disease 


Radiation 
dose* 


Time 
to spec- 
imen 


(days)t 


Pathologic findings in thyroid 





4 mo. 


7 mo. 








10,410 yr 


13,010 yr 


11,400 yr 


10,900 yr 


11,100 yr 


18,300 yr 


12,400 yr 


15,500 yr 


7,450 yr 








82 


30 





Localized mucoid fibrous scar 


Localized zone of necrosis (in- 
farction); vascular necrosis 
and thrombosis; peripheral 
radiation cellular injury 


Central fibrinous zone with pe- 
ripheral radiation cellular in- 


jury 


Central fibrinous zone contain- 
ing colloid lakes and old hem- 
orrhage; peripheral radiation 
cellular injury 


Localized necrosis (infarction); 
vascular necrosis and throm- 
bosis; peripheral radiation 
cellular injury 


Localized mucoid fibrous scar 
with minimal peripheral chron- 
ic inflammatory reaction 


Localized mucoid fibrous scar 
with minimal peripheral 
chronic inflammatory reac- 
tion 


Localized mucoid scar contain- 
ing colloid cysts; peripheral 
early cellular regeneration 


Localized mucoid fibrous scar 
with minimal peripheral 
chronic inflammatory reac- 
tion 





* Radon seeds (usually 3 per lobe) were implanted in a vertical line in each lobe of 
the thyroid gland approximately 1 cm. apart. The doses listed were calculated as gamma 
radiation delivered at a point midway between the center and adjoining seeds. 

+ Days from beginning of irradiation to obtaining specimen of thyroid. 
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TABLE 7. DaTA ON 2 PATIENTS WITH NORMAL THYROID GLANDS IRRADIATED WITH 
NEUTRONS 








Age Estimated | Days | Days 
and Disease radiation for | tospec- 
sex dose course} imen* 


Pathologic findings in 
thyroid 





M—60t Carcinoma 396 Nt 29 165 Mild lobular and _ fol- 
of left hypo- licular atrophy; peri- 
pharynx follicular and perilob- 
ular fibrosis; intimal 
fibrosis of capsular 
arteries 


Carcinoma 475 N§ Lobular and _ follicular 
of epiglottis (to each atrophy; considerable 
side of perifollicular and per- 
neck) ilobular fibrosis, with 
fragmentation and 
mucoid degeneration; 
mild intimal arterial 
fibrosis 























* Days from beginning of irradiation to obtaining specimen of thyroid. 

+ This patient had been treated previously with x-rays, but the irradiated field did 
not include the thyroid area. 

t This dosage was calculated for a depth of 6 cm. Since the biologic effectiveness of 
neutrons as compared with that of x-rays is about 10:1, the dose of 396 N corresponds 
to a tissue dose of approximately 4000 r at the midline of the neck. 

§ The available data did not permit calculation of the dose delivered to the thyroid 
gland. 


ter. These changes were presumably due to irradiation. These authors 
later described thyroid injury in 7 patients following irradiation with ['*!, 
observed for periods from nineteen days to five and one-half years. There 
was early epithelial cellular swelling with loosening of follicular cells from 
the basement membranes. Fibrosis was not observed until five months after 
therapy was administered and was pronounced after five years. Regenera- 
tive hyperplasia appeared between one and five years after therapy (11). 
Williams and co-workers (12) described interstitial scarring in the glands 
of 2 patients who became euthyroid after irradiation with I'*'. By the use 
of needle biopsies, Shapiro (13) found that glands examined four weeks 
after administration of 2 millicuries of I'*! revealed radiation effects of 
marked nuclear distortion. At the end of a year, the minimal fibrosis ob- 
served was concluded to be a late radiation effect. 

More extensive descriptions of thyroid injuries from irradiation from 
I’! have been recently published. Freedberg and associates (14) studied 
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the normal thyroid glands of 16 euthyroid patients (15 with cardiac disease 
and 1 with primary carcinoma of the thyroid) who died from 7 to 1,069 
days after therapy with 17-157 millicuries of I'**. Early changes (14 to 24 
days) included central follicular destruction associated with edema, neu- 
trophilic leukocytic infiltration and vasculitis with thrombosis and hemor- 
rhage. Later observations were fibrosis and lymphocytic infiltration of the 
stroma, epithelial cellular desquamation and the presence of atypical hy- 
perchromatic epithelial nuclei. Even later, the thyroid gland was largely 
replaced by fibrous tissue, with disruption of surviving follicles. Thicken- 
ing of small arteries was prominent and was believed related to progressive 
glandular fibrosis. 

Dobyns and his associates (15) examined thyroid tissues from 29 pa- 
tients from two days to eight years following therapy with I'*!. Most of the 
patients were treated for thyrotoxicosis. These authors concluded that the 
most prominent changes resulting from irradiation were 1) distortion and 
alteration of chromatin of the epithelial nuclei, and 2) fibrosis involving 
groups of thyroid follicles. There was speculation regarding the relation- 
ship of the bizarre nuclei to possible neoplastic development. 

Dailey, Lindsay and Miller (4) reported on the histologic lesions in the 
hyperplastic glands of 23 patients with hyperthyroidism treated with I*'. 
Twenty-one of the 23 became euthyroid following therapy. No effects at- 
tributed to radiation were observed in 7 glands. The finding of 9 of 23 
glands displaying lesions of Hashimoto thyroiditis (16) was highly signif- 
icant statistically, and this lesion was regarded as one effect of internal 
radiation of the hyperplastic thyroid gland. Varying degrees of follicular 
atrophy and perifollicular and interlobular fibrosis were concluded to be 
late changes resulting from internal irradiation. Vascular disease appeared 
to have little relation to the regressive lesions of the thyroid gland. Further- 
more, the pleomorphic and hyperchromatic epithelial alterations empha- 
sized by Dobyns et al. (15) were not believed to be direct effects of irradia- 
tion. Dailey, Lindsay and Miller further cited as yet unpublished data (5) 
in which test-retest studies of I'*!-irradiated and nonirradiated thyroid tis- 
sues demonstrated that only certain lesions could be reliably ascribed to the 
effects of irradiation. These were acute degeneration and necrosis associ- 
ated with inflammation and vascular injury. Follicular atrophy and peri- 
follicular fibrosis were significant changes observed long after administra- 
tion of I, 
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Results 
A. Toxic diffuse goiter (Table 1)? 


The glands from 24 patients with toxic diffuse goiters irradiated with I'' were placed 
in three groups (I to III) on the basis of the increasing severity of the histologic lesions 
of each gland. This grouping was a revision of that previously described (4). 

Group I. There were 7 glands in this group. The dosage of I'*' varied from 471 to 
10,765 microcuries, and the intervals between the first administration of the I! and 
thyroidectomy (or autopsy in Case 5) varied from 12 to 416 days. 

Four of the glands in this group showed principally the changes of hyperplasia, al- 
though in the majority considerable involution had occurred. In several glands many 
epithelial cells displayed mild cellular and nuclear pleomorphism. In 3 there was fibrosis 
and mild lymphocytic infiltration of the interlobular septums. Four of the hyperplastic 
glands also displayed some degree of fibrosis surrounding the thyroid follicles. The fifth 
gland in Group I revealed considerable perifollicular and perilobular fibrosis and edema 
associated with venous engorgement. The sixth gland in Group I had a distorted lobular 
pattern with moderate perilobular as well as perifollicular scarring. The latter had iso- 
lated small groups of thyroid epithelial cells in some areas. Cellular pleomorphism and 
enlargement and hyperchromatism of the nuclei were pronounced in this gland. The 
seventh gland in the group was hyperinvoluted. The follicles were enlarged, and mild 
interfollicular fibrosis was observed in some lobules. Minimal cellular pleomorphism 
and hyperchromatism were present. This gland contained multiple circumscribed nodules 
consisting of enlarged colloid-filled thyroid follicles. Mild intimal thickening of a few 
peripheral arteries of medium size was found in only 1 of the 7 glands. 

Group II, There were 11 glands in this group. The dosage of I'* varied from 500 to 
8,200 microcuries, and the intervals between the first administration of I'*! and thyroid- 
ectomy varied from 23 to 2,044 days. 

Four of the glands in this group were predominantly hyperplastic, with varying de- 
grees of involution. Generally some of the epithelial cells were hyperchromatic and pleo- 
morphic. Portions of these 4 glands had the pattern of Hashimoto thyroiditis, character- 
ized by intrafollicular proliferation of groups of epithelial cells which rarely formed fol- 
licles (16). Considerable lymphoid infiltration and perilobular fibrosis accompanied the 
epithelial alteration. Two of these glands contained focal collections of intrafollicular 
multinucleated giant cells. A fifth gland in the group displayed numerous pleomorphic 





2 Ten patients (Cases 9, 14, 15, 16, 18, 19, 20, 22, 23 and 24) received only I'* thera- 
peutically whereas the remainder were given Lugol’s solution, thiouracil-type drugs, or 
both, in addition preoperatively. These drugs had not been administered within one 
month of the first treatment with ['*!, 

At the time of the thyroidectomy (or autopsy in Case 24), 21 patients were euthy- 
roid. One patient (Case 7) became pregnant while still hyperthyroid, and a thyroidec- 
tomy was performed. Two patients died while still hyperthyroid, one of diabetic acidosis 
(Case 23) and the other during pentothal administration for mania (Case 5). The dura- 
tion of goiter and hyperthyroidism in most of these patients has been previously tabu- 
lated (4). Thyroidectomy was performed because clinical improvement was not as rapid 
as desired, or because a thyroid nodule appeared following therapy with I‘ (Cases 17, 
18, 19, 20, 22 and 23). The amount of thyroid tissue removed ranged from 25 to 90 Gm. 
There have been no known recurrences of hyperthyroidism in this group of patients 
following thyroidectomy. 
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Fics. 1-5. IrRADIATION FROM I" 
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and hyperchromatic epithelial cells. In addition, there were small groups of disintegrat- 
ing follicles showing intrafollicular epithelial and giant-cell proliferation. These focal 
areas resembled the reaction seen in giant-cell or granulomatous thyroiditis (17). 

The 6 other glands in this group had a diffuse pattern of Hashimoto thyroiditis (Fig. 
1). The glandular lobules consisted of small follicles or nonfollicular groups of epithelial 
cells, as a rule displaying pleomorphic and hyperchromatic nuclear changes. Lymphoid 
tissue was abundant and lymphoid follicles were often observed. Most of these glands 
had widened fibrotic interlobular septums, whereas others showed considerable peri- 
follicular fibrosis, usually observed in atrophic lobules. Several arteries of medium size 
in one gland had hyaline fibrotic intimas, resulting in narrowing of the lumens. Other 
vascular lesions were not observed in the glands in this group. 

Group III. The 6 glands in this group displayed similar and more pronounced fibrotic 
lesions. The dosage of I'*! varied from 6,290 to 24,010 microcuries, and the interval be- 
tween the first administration of I" and thyroidectomy (or autopsy) varied from 231 to 
558 days. 

Two glands from patients receiving lower doses of I'* (6,290 and 13,589 microcuries 
respectively) had similar histologic patterns. Both contained multiple nodules which 
were encapsulated. In one gland these nodules consisted of large follicles with extensive 
hemorrhage and degenerative changes, including fibrosis and calcification. The nodules 
in the second gland consisted of fetal-sized follicles; in some of the nodules, the follicular 
epithelial cells displayed extreme cellular pleomorphism and eosinophilia. Degenerative 
changes consisting of edema, calcification, and deposits of fibrin were common in the 
nodules of this gland. The remaining parenchyma of both glands showed moderate 
follicular atrophy. The small lobules were surrounded by widened interlobular septums 
infiltrated with lymphocytes. Portions of many lobules of one of the glands had consid- 
erable perifollicular fibrosis as well. The peripheral arteries of both glands showed mild 
intimal thickening with calcific deposits along the internal elastic membrane. 

The other 4 glands in Group III were from patients receiving larger doses of I. All 
were characterized by pronounced lobular and follicular atrophy and abundant diffuse 
perifollicular and interlobular fibrous tissue. In 2 glands the follicles were atrophied and 
were composed of cells showing mild changes of exhaustion (Figs. 2 and 3). In the other 
glands more extensive relative fibrosis was accompanied by considerable loss of epithe- 
lium; this appeared in small groups, often without the presence of follicles (Fig. 4). 
These follicular cells displayed pronounced cellular and nuclear hyperchromatism. 
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Hyperplastic Glands (Table 1) 


Fig. 1. (Case 15). Thyroid gland displaying pattern of Hashimoto thyroiditis. Note 
intrafollicular proliferation of epithelial cells (hematoxylin & eosin; 133). 

Fig. 2. (Case 21). Atrophic gland showing small follicles and perifollicular fibrosis 
(hematoxylin & eosin; 133). 

Fie. 3. (Case 22). Atrophic gland with more severe perifollicular and interlobular 
fibrosis. Inflammatory reaction is minimal (hematoxylin & eosin; 133). 

Fig. 4. (Case 23). Pronounced lobular and follicular atrophy. Many epithelial cells 
are pleomorphic and have an abundance of eosinophilic cytoplasm (hematoxylin & 
eosin; 133). 

Fig. 5. (Case 24). Extreme lobular atrophy with few remaining follicles. Note ex- 
treme diffuse fibrosis (hematoxylin & eosin; X 133). 
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Figs. 6 AND 7. IRRADIATION FROM [}3! 
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When the fibrosis was most severe the lobular pattern was almost obscured (Fig. 5). The 
connective tissue was infiltrated diffusely with lymphocytes and plasma cells and, in 1 
gland, by groups of macrophages containing lipid and blood pigment. 

When studied with connective tissue stains, it became apparent that the extensive 
fibrosis between lobules and separating follicles had resulted from the condensation of 
thyroid stroma occurring when the epithelial elements atrophied or disappeared. This 
connective tissue consisted of both reticulum and collagenous fibers. In the thickened 
interlobular septums, undulating and fragmented elastic fibers were also observed. 
These appeared to represent remnants of the external elastic membranes of thyroid 
arteries. Mucopolysaccharides were not present in the stroma. Two of these glands con- 
tained small nodules consisting of large colloid-filled follicles; some of these nodules 
showed papillary infolding of their epithelial linings. Although these 4 glands were 
atrophic and scarred, vascular disease was found in only 1. Numerous arteries had thick- 
ened intimas, and the medias of some were hyalinized as well. 

Nodules appeared in the thyroid glands of 6 of the 24 patients with diffuse toxic goiter 
following treatment with I'**. In 3 cases these nodules were found thirteen to fifteen 
months following therapy (Cases 19, 20 and 22). Nodules not previously palpable were 
found in 2 additional glands (Cases 7 and 23). Multiple nodules were observed five and 
one-half years after therapy with I'* in the sixth case (Case 18). 

Most nodules were of the involutionary type, consisting of enlarged colloid-filled 
follicles. The epithelial cells occasionally showed the changes of exhaustion. In one 
nodule, numerous follicles of fetal size were proliferating between the larger ones. Small 
nodules in an atrophic, fibrosed gland (Case 22) showed follicular hyperplasia, suggesting 
that these nodules were compensatory growths of thyroid tissue. Multiple nodules in 
another gland (Case 19) were classified as fetal adenomas (Fig. 6) which displayed con- 
siderable cellular and nuclear pleomorphism, regarded as due to exhaustion rather than 
active cellular proliferation. 

In the gland examined about five and one-half years after therapy (Case 18), a variety 
of patterns was observed in the multiple nodules. Some were of the involutionary type 
and were mildly hyperplastic. However, the majority were neoplastic and were classi- 
fied as embryonal adenomas (Fig. 7). None appeared malignant. The pattern of one of 
these nodules was almost identical with that of a neoplasm recently observed in the 
thyroid gland of a rat irradiated from I'*! (18). It appeared that the nodules in this case 
had originated from the intrafollicular proliferation associated with Hashimoto thyroid- 
itis. It was clear that the smallest and earliest nodules had formed within pre-existing 
follicles. As the nodules enlarged, the adjacent glandular tissue was compressed, and its 
stroma contributed to fibrous capsules surrounding the larger nodules. Most of these 
nodules consisted of solid groups or cords of uniform epithelial cells without follicular 
formation. Others were composed of bizarre pleomorphic cells with hyperchromatic nu- 
clei. 

The distribution of the individual members of each group was plotted as a function of 
the total dose of I'*! and the time between the first administration of I! and removal of 
the tissue. This distribution was similar to that observed previously (4) and showed that 





<«& 
Hyperplastic Glands (Table 1) 


Fia. 6. (Case 19). Periphery of one of multiple nodules. Note cellular pleomorphism 
and nuclear hyperchromatism (hematoxylin & eosin; 246). 

Fig. 7. (Case 18). Embryonal adenoma in a gland possessing multiple neoplastic 
nodules. Numerous mitoses are present (hematoxylin & eosin; 246). 





8. LINDSAY, M. E. DAILEY AND M. D. JONES Volume 14 


Fics. 8 AND 9. IRRADIATION FROM [!*! 
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the glands of Group I, with one exception (Case 1), lay in the zone of low dosage and 
short to moderate duration; that the glands of Group II, with one exception (Case 18), 
lay in the zone of low dosage and shor¢’duration; and that the glands of Group III lay in 
the zone of high dosage and long duration. 


B. Toxic nodular goiter (Table 2) 


There were 5 glands in this group. These were from patients having thyroid nodules 
for three to forty years prior to administration of I'*', All patients had been hyperthyroid 
for periods of one to six years but were euthyroid at the time of thyroidectomy. The dos- 
age of I'*! varied from 7,985 to 18,000 microcuries, and the interval between the first 
administration of I'*! and thyroidectomy was 77 to 306 days. Antithyroid drugs were 
administered to 3 patients (Cases 2, 4 and 5) prior to thyroidectomy. These glands were 
characterized by multiple nodules consisting of both large and small follicles and,.as a 
rule, showing degenerative changes of old and recent hemorrhage, calcification and 
fibrosis. The residual thyroid parenchyma surrounding the nodules was atrophic. The 
follicles usually were small, and the thyroid epithelial cells were cuboidal with hyper- 
chromatic pleomorphic nuclei and cellular eosinophilia (Fig. 8). Mild perifollicular 
fibrosis and widened interlobular septums containing small lymphoid collections were 
observed in these glands. Three of the 4 glands had vascular lesions consisting of mild 
arterial intimal fibrosis. 


C. Normal thyroid glands (Table 3) 


There were 2 glands in this group. One was from a patient with carcinoma of the 
thyroid gland (Case 1) treated with I'*'. A thyroid biopsy specimen was obtained from 
the noncancerous portion of the gland twenty-four days following administration of 
47,400 microcuries of I'*!, The second gland was obtained from a patient (Case 2) with 
carcinoma of the lung who received 27,700 microcuries of I'* fifty-six days prior to 
autopsy. The first gland displayed severe extensive necrosis of thyroid epithelium with 
follicular disruption. Portions of the gland were infarcted and hemorrhagic. The majority 
of the residual epithelial cells were degenerating and displayed considerable vacuolated 
cytoplasm (Fig. 9). The remaining follicular spaces contained fibrin and desquamated 
epithelial cells. Considerable mucoid perifollicular fibrous tissue mildly infiltrated with 
lymphocytes and neutrophilic leukocytes was observed (Fig. 10). Endothelial swelling 
had occluded some small arterioles. 

The second gland was also severely injured. The lobular pattern was entirely ob- 
secured, except at the glandular periphery where a few poorly defined lobules could be 
identified. The glandular parenchyma had been largely replaced by loosely arranged 
mucoid fibrous tissue containing few fibroblastic nuclei and showing minimal diffuse 
lymphoid infiltration (Fig. 11). Most of the epithelium was absent, and that remaining 





“« 
Toxic Nodular Goiter (Table 2) 
Fig. 8. (Case 4). Atrophic glandular parenchyma in a nodular. goiter. The follicles 
are small, and there is mild perifollicular fibrosis (hematoxylin & eosin; 246). 
Normal Thyroid Gland (Table 3) 


Fie. 9. (Case 1). Early acute reaction. Note extreme follicular atrophy and sub- 
acute inflammatory reaction. The residual epithelium displays typical radiation changes 
(hematoxylin & eosin; 246). k 
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IRRADIATION FROM [!*! 
Normal Thyroid Glands (Table 3) 


Fig. 10. (Case 1). Same thyroid gland as in Figure 9 showing intrafollicular pro- 
liferation of syncytial epithelial cells (hematoxylin & eosin; X176). 

Fig. 11. (Case 2). A few atrophic follicles are seen in the mucoid stroma (hematoxylin 
& eosin; 176). 

Fig. 12. (Case 2). Same gland as in Figure 11, displaying perilobular and perifollicular 
condensation of thyroid stroma (Weigert-van Gieson; 133). 


was atrophic. The few remaining follicles were small and composed of flattened epithelial 
cells. Few follicles retained colloid, which was basophilic, granular and degenerating. 
The remaining epithelial cells showed a variety of degenerative changes. In a few there 
was nuclear pyknosis. The majority of nuclei were pleomorphic, swollen and vesicular 
and their membranes were irregular and indented. The cytoplasm of these cells was 
often vacuolated, and the cellular margins were poorly defined. These degenerative 
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changes led to eventual disappearance of the epithelial cells. Evidences of cellular re- 
generation were not apparent. Some lobules or portions of lobules appeared to have 
been infarcted. The faint outlines of the pre-existing follicular spaces surrounded baso- 
philic and eosinophilic debris. 

Connective tissue tissue stains demonstrated abundant delicate reticulum and col- 
lagenous fibers surrounding follicles and lobules (Fig. 12). As the epithelial structures 
disappeared, the thyroid stroma appeared to become condensed. New fibrous prolifera- 
tion did not occur. Although the thyroid stroma appeared mucoid, only small amounts 
of acid mucopolysaccharide were present, and this lay closely adjacent to degenerating 
epithelial cells. This gland was generally avascular. The few remaining vessels had poorly 
defined layers consisting of mucoid fibrous tissue which blended imperceptibly with the 
surrounding stroma. The intimal layers of the larger peripheral arteries were thickened 
and hyalinized. 


D. Histochemical studies of thyroid glands irradiated with I'*! 


A histochemical study of dehydrogenase activity (8) was made on 3 of the diffuse 
toxic goiters treated with I'*'. In a hyperinvoluted gland containing multiple involution- 
ary. nodules (Case 7; Table 1) there was only minimal activity in a few follicular epithe- 
lial cells in a few lobules; no activity was demonstrated in the nodules. In a fetal adenoma 
of another gland (Case 19), there was moderate activity in the peripheral follicles but 
less in those centrally placed. 

In a toxic nodular goiter treated with I'*! (Case 4; Table 2), there was pronounced 
activity in all follicles of the atrophic glandular parenchyma, but there was much less 
in the follicles comprising the multiple involutionary type nodules. 

Radioautographs were prepared (9) from sections of 7 of the 24 toxic diffuse goiters 
(Table 1) and of 1 of the 5 toxic nodular goiters (Table 2). In a hyperplastic gland (Case 2; 
Group I) there was moderate uptake of I'*! in a few scattered follicles but most of the 
gland showed only minimal uptake. Four glands in Group II (Cases 10, 18, 15 and 17), 
displaying mainly Hashimoto thyroiditis, showed moderate uptake only in those scat- 
tered follicles not involved by that process. Of 2 atrophic glands in Group III, one (Case 
20) showed only minimal uptake in the gland but had much more uptake in the involu- 
tionary nodules, both in the larger follicles and in the smaller proliferating ones. In the 
other gland in Group ilI (Case 19) there was moderate to pronounced uptake in the 
atrophic lobules, although there was less uptake in follicles displaying changes of ex- 
haustion. There was moderate uptake in the largest fetal adenomas. In the smaller 
nodules, there was greater uptake of I'*!, even in larger follicles composed of ‘‘exhausted 
cells.” 

A toxic nodular goiter (Case 1; Table 2) showed only minimal uptake of I'*! in the 
atrophic gland. Slightly more uptake was found in the nodules. 


EXTERNAL IRRADIATION WITH X-RAYS 


Although irradiation with x-rays has been used extensively in the treat- 
ment of hyperthyroidism, there have been few reports dealing with the 
histologic changes occurring in the externally irradiated thyroid gland. 

Walters and co-workers (19) found no alteration of the normal thyroid 
glands of dogs externally irradiated by doses of x-rays known to be of clin- 
ical value in patients with hyperthyroidism. These authors believed that 
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Figs. 13 anp 14. IRRADIATION WITH X-Rays 
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normal human thyroid tissue was resistant to irradiation, although 60 per 
cent of the patients with hyperthyroidism were benefited by x-ray therapy. 
Rave (20) treated several hyperthyroid patients with x-rays and reported 
clinical improvement. Examination of the thyroid glands, however, re- 
vealed only slight changes. The lymphoid tissue was decreased, but the 
colloid stroma was unaffected. Pemberton (21) stated that thyroid irradia- 
tion is based upon the concept that hypertrophied thyroid epithelial cells 
and thyroid lymphocytes are sensitive to x-rays, whereas normal thyroid 
epithelial cells are not. He believed that functional thyroid activity could 
be diminished without destruction of tissue and that there was no proof 
that irradiation caused involutionary changes in the thyroid gland. In Pem- 
berton’s cases Broders (22) was unable to distinguish irradiated from non- 
irradiated thyroid tissue. 

Soley and Stone (23) treated 43 hyperthyroid patients by irradiation of 
the thyroid gland with x-rays. Twenty-five of them became euthyroid in 
about eight months. The glands of 2 patients whe did not respond to radia- 
tion therapy were removed and examined histologically. These authors 
concluded that x-rays were capable of destroying hyperplastic thyroid 
tissues. Follicular destruction, extensive fibrosis and fibrous thickening of 
vascular walls were observed, and it was believed that most glands of pa- 
tients cured by x-ray therapy would have similar appearances. The vas- 
cular lesions were emphasized and were thought to cause continued injury 
to the gland after the course of therapy was ended. 


Results 


A. Diffuse toxic goiter and toxic nodular goiter (Table 4) 


There were 11 glands in this group from patients with hyperthyroidism. Eight were 
toxic diffuse goiters, and 3 were toxic nodular goiters. Eight patients still had hyper- 
thyroidism at the time of thyroidectomy. Three had recurrent hyperthyroidism following 
previous thyroidectomy and prior to irradiation. Eight of the patients had received 
Lugol’s solution preoperatively, and 1 of these had also received propylthiouracil. The 
histories of these patients indicated that goiter and/or hyperthyroidism had been pres- 
ent for periods of two months to twenty-one years prior to thyroidectomy. One gland 
was obtained at autopsy from a patient who was euthyroid nine years following irradia- 
tion therapy (Case 1). Another patient was euthyroid, but a thyroidectomy was per- 
formed because of the appearance of nodules fourteen years following the last irradiation 
with x-rays. All patients remained euthyroid for periods from two to ten years following 
the last thyroidectomy. 





<<“ 
Hyperplastic Glands (Table 4) 

Fig. 13. (Case 1). Pronounced lobular and follicular atrophy. Some thyroid cells 
display nuclear pleomorphism and eosinophilia of the cytoplasm. Note extensive fibrosis 
and mild inflammatory reaction (hematoxylin & eosin; 246). 

Fig. 14. (Case 6). Gland displaying pattern of Hashimoto thyroiditis. The follicles 
are small, and there is diffuse lymphoid infiltration (hematoxylin and eosin; 186). 
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Figs. 15 anp 16. IRRADIATION wiTH X-Rays 
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All of the glands were hyperplastic to some degree. The follicular epithelium was gen- 
erally low columnar and often papillary and infolded. Other glands were partially in- 
voluted, and in 2 there was lobular and follicular atrophy (Fig. 13). Five of the 11 glands 
showed the pattern of Hashimoto thyroiditis occurring either focally or with a more ex- 
tensive lobular distribution (Fig. 14). These areas were characterized by intrafollicular 
reorganizing groups of epithelial cells associated with considerable focal or diffuse lymph- 
oid infiltration. All 11 glands showed mild to moderate exhaustion changes in many 
follicular epithelial cells. These were characterized by nuclear irregularity, hyperchro- 
matism and cellular eosinophilia (Fig. 15). Focal collections of lymphocytes not asso- 
ciated with the epithelial changes of Hashimoto disease were present in the interstitial 
tissue of many of these glands. The lobules of 8 of the 11 glands were characterized by 
perifollicular fibrosis which was usually focally distributed (Fig. 16). Many interlobular 
septums of all the glands showed fibrous widening. Six of the glands displayed minimal 
vascular lesions, mainly of the peripheral capsular arteries. Intimal fibrous thickening, 
occasionally mucoid, and rarely of a severe degree produced narrowing of the lumens. An 
organizing thrombus was found in an artery of one gland. 

Three glands contained nodules which were multiple in 2 cases. The follicles compris- 
ing the nodules in one gland were hyperplastic, being lined by columnar epithelium which 
was extensively infolded (Case 4). Other nodules in the same gland consisted of smaller 
follicles formed by cells showing nuclear pleomorphism and cytoplasmic eosinophilia. 
A single nodule in another gland (Case 1) was severely degenerated, showing hemorrhage, 
cholesterol deposition and fibrosis. Multiple nodules observed in the third gland were 
of considerable interest (Case 6). These nodules appeared in the gland of a euthyroid pa- 
tient who had received three courses of irradiation for hyperthyroidism twenty-one, 
fifteen and fourteen years previously. Much of the glandular parenchyma had the typical 
pattern of Hashimoto thyroiditis. Elsewhere considerable perilobular fibrosis had iso- 
lated small atrophic lobules. The nodules had varying patterns. Some consisted of epi- 
thelial cells forming irregular cords or small follicles. Some nodules were infiltrated with 
numerous lymphocytes. The epithelial cells in almost all of the nodules were enlarged, 
and there was an abundance of eosinophilic cytoplasm and bizarre pleomorphic hyper- 
chromatic nuclei. Most of the nodules were classified as ‘“‘Hiirthle” in type (Fig. 17). 
Some of the smaller nodules, presenting an embryonal pattern, were regarded as neo- 
plastic. The development of these nodules could be traced to intrafollicular prolifera- 
tion occurring in the Hashimoto thyroiditis (Figs. 18 and 19). The nodules in this gland 
had some resemblance to those of one of the glands treated with I** (Case 18; Table 1). 


B. Normal thyroid glands (Table 5) 


There were 5 thyroid glands in this group. Four patients had epidermoid carcinoma 
of the larynx. Additional cases were studied but were not included, since the records in- 
dicated uncertainty that the thyroid gland had been included in the field of radiation. 
One patient had a papillary carcinoma of the thyroid gland. These patients were treated 





“« 
Hyperplastic Glands (Table 4) 


Fie. 15. (Case 7). Large portions of this gland show bizarre epithelial cells with an 
abundance of granular eosinophilic cytoplasm and pleomorphic and hyperchromatic 
nuclei (hematoxylin & eosin; 246). 

Fig. 16. (Case 3). Distorted lobular pattern with cee fibrosis and cellular 
desquamation (hematoxylin and eosin; X186). 
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for their neoplastic disease by external irradiation with x-rays. Four patients remained 
euthyroid following irradiation; the patient with carcinoma of the thyroid gland became 
severely hypothyroid. 

Three glands showed a mild degree of follicular atrophy. A significant number of fol- 
licles were smaller than normal and lined by flattened epithelial cells. In the remainder, 
follicular size was normal. Widened fibrotic interlobular septums and minimal fibrosis 
surrounding follicles of some lobules were observed in 3 of the glands. More extensive 
fibrosis with lobular atrophy was present in 1 gland (Fig. 20). Connective tissue stains 
indicated that the increased perifollicular fibrous material consisted of both reticulum 
and collagen and was derived from thyroid stroma, which condensed as thyroid follicles 
atrophied or disappeared. Mucopolysaccharides were not found in the stroma. 

In 2 of the glands some follicular epithelial cells displayed changes of exhaustion. 
One of the 5 glands (Case 1) had focal areas of lymphoid infiltration associated with small 
intrafollicular groups of epithelial cells, a pattern characteristic of focal Hashimoto 
thyroiditis (16). This reaction probably antedated the irradiation. In 4 of the glands mild 
arterial disease was observed. Arteries of all sizes, particularly in the capsular areas, 
had thickened intimal layers; focal calcification along the internal elastic membranes 
was observed in a few vessels. Focal collections of lymphocytes in the walls of several 
veins were observed in 1 gland. 


IRRADIATION FROM IMPLANTED RADON SEEDS 


The only report dealing with the histologic lesions from radon in human 
thyroid glands was that of Terry (7), in which Bartlett described some of 
the pathologic changes occurring in hyperplastic human thyroid glands 
at the site of implantation of radon seeds. Some of these glands are being 
described in the present report. Terry stated that, although the areas af- 
fected by the radiation approximated 1.0 cm. in diameter as shown by 
microscopic examination, the clinical effects resulting from irradiation sug- 
gested that larger portions of the hyperplastic thyroid tissue had been af- 
fected. 

Bower and Clark (24) reported on similar lesions produced by implant- 
ing radium needles in the normal thyroid glands of dogs. Hemorrhage and 
necrosis were followed by organization and healing. The destroyed and 
normal tissues were sharply demarcated, but epithelial degenerative lesions 
and inflammation were observed at the transition point. Fibrous occlusive 
lesions of vessels occurred after the third week. It was concluded that the 
normal thyroid glands of dogs were distinctly resistant to the action of 
radium. 





Hyperplastic Glands (Table 4) 


Fig. 17. (Case 6). Adenoma in a gland containing multiple neoplastic nodules. The 
cells are of the ‘‘Hiirthle” variety (hematoxylin & eoxin;- x 246). 

Fig. 18. (Case 6). Early adenoma. These nodules clearly resulted from intrafollicular 
epithelial proliferation (hematoxylin & eosin; 186). 
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Figs. 19 anp 20. IRRADIATION WITH X-Rays 











October, 1954. HISTOLOGIC EFFECTS OF IONIZING RADIATION 1205 


Results 
A. Diffuse toxic goiter (Table 6) 


There were 11 glands in this group available for histologic study. The patients from 
whom these glands were removed were reported previously by Terry (7, 25) but, of the 
33 cases described in the original clinical reports, complete clinical records and tissue 
sections could be obtained for the present study on only 9 patients. Only 1 of the 9 pa- 
tients had received potassium iodide prior to surgery. Two patients had received 
four and five x-ray treatments three to four months previously (Cases 1 and 2); the dos- 
age was not known. The gland of 1 of these 2 patients displayed mild perifollicular fibrosis 
and lymphoid infiltration some distance from the site of the radon implantation; these 
lesions may have resulted from x-ray therapy. From 5 to 7 bare glass radon seeds had 
been implanted into each gland. The strength of the seeds varied from 0.65 to 2.18 milli- 
curies. The radon seeds remained in the glands for periods of 30 to 164 days prior to 
thyroidectomy. Tissue blocks were taken from these thyroid glands at right angles to 
the elongated space which had contained the radon tubes. 

None of the 9 patients showed improvement of hyperthyroidism following irradia- 
tion. Two died of hyperthyroidism following thyroidectomy at fifteen days and ten 
months, respectively, and hyperthyroidism recurred in 1 patient one year after thyroid- 
ectomy. Three patients were euthyroid one to two years later, and the remainder had 
no follow-up studies. All the glands examined displayed diffuse hyperplasia which, in 4 
glands, was pronounced. The follicular spaces were collapsed and devoid of colloid. In 
the remainder, hyperplasia was less severe and involution of varying degrees was ob- 
served. 

The extent and severity of the localized destructive lesions produced by the irradia- 
tion from radon could not be correlated with the amount and duration of the irradiation 
in this series of patients. There was no apparent relationship between the severity of the 
radiation lesion and the degree of hyperplasia of the gland. 

The lesions observed in the thyroid glands at the sites of implantation of radon seeds 
were well localized and varied from 4.0 to 6.0 mm. in their greatest diameters (Fig. 21). 
These lesions were characterized by acute necrosis, progressing to complete healing by 
fibrosis. The earliest acute lesions (Fig. 22) consisted of a large central mass of necrotic 
granular eosinophilic debris in which the faint outlines of the pre-existing hyperplastic 
follicles were still visible. A few scattered pyknotic nuclei remained. At the periphery of 
the necrotic zone were numerous arteries and veins which showed hyaline necrosis of 
their walls and fibrinous thrombotic occlusion of their lumens. At the periphery of the 
necrotic zone was a narrow layer of viable thyroid tissue, consisting of small follicles or 
scattered isolated thyroid epithelial cells. The supporting stroma was edematous and 
infiltrated with neutrophilic leukocytes and lymphocytes. Some of these residual thyroid 
cells showed nuclear irregularity and hyperchromatism. Generally, the cytoplasm of 
these cells was eosinophilic or vacuolated. Adjacent to this altered and degenerating 





—€ 
Hyperplastic Gland (Table 4) 


Fie. 19. (Case 6). Larger adenoma in gland shown in Figures 17 and 18. As these 
nodules enlarged they became encapsulated (hematoxylin & eosin; 186). 


Normal Gland (Table 5) 


Fig. 20. (Case 2). Extreme atrophy and fibrosis. Some residual epithelial cells have 
pleomorphic nuclei and eosinophilia of the cytoplasm (hematoxylin & eosin; 186). 
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thyroid tissue were lobules of hyperplastic thyroid tissue showing no evidence of injury. 

More advanced lesions were seen in the majority of glands. The central portions of 
these lesions consisted of a wide mass of hyaline eosinophilic debris containing the faint 
outlines of hyalinized necrotic blood vessels. Follicular outlines were no longer visible. 
Surrounding the necrotic hyaline zone was a wide layer of edematous mucoid connective 
tissue containing numerous abnormal thyroid epithelial cells displaying varying de- 
grees of degeneration. Many of these were arranged in irregular, poorly formed follicles 
(Fig. 23). There was considerable variation in size and appearance of the cells (Fig. 24). 
Many irregularly elongated nuclei were observed. Some syncytial multinucleated cells 
were present. Many nuclei were hyperchromatic, but the nuclear chromatin was finely 
dispersed. Nucleoli were prominent. Other nuclei were swollen, pale and had poorly 
defined borders. The cytoplasm of many cells was degenerating and appeared swollen 
and vacuolated. Often the vacuoles contained neutrophilic leukocytes or lymphocytes. 
Other cells showed fine eosinophilic fibrils lying concentrically about the nuclei. Many 
cells had increased amounts of cytoplasm which tended to be acidophilic. Adjacent to 
the necrotic zone the degenerative cellular changes were more pronounced, and the cells 
most extensively damaged appeared as delicate ghost structures. Some disintegrating 
cells and nuclei had poorly defined borders. Masses of hyaline fibrin infiltrated this 
degenerating area. A few blood vessels with hyaline necrosis and leukocytic infiltration 
of their walls were occluded by hyalirie thrombi. The next outer zone was composed of 
thyroid lobules showing considerable follicular atrophy and shrinkage. Epithelial 
cellular degenerative changes were similar to those seen more centrally but were less 
severe. There was a pronounced increase in the amount of perifollicular fibrous tissue, 
which was heavily infiltrated with lymphocytes and numerous plasma cells. A few 
follicles displayed squamous metaplasia. No colloid was present in these distorted 
follicles. Some mitotic evidence of epithelial regeneration was observed in these areas. 
More peripherally the gland showed pronounced hyperplastic changes with minimal 
colloid appearing in the follicular spaces. Some thyroid cells in these peripheral areas 
showed changes of exhaustion characterized by cytoplasmic eosinophilia and nuclear 
condensation. In some lobules, these changes were pronounced. 

A slightly older lesion showed extensive peripheral hyaline fibrosis which was sharply 
demarcated from the adjacent hyperplastic but otherwise unaltered parenchyma. Cen- 
trally located were several large colloid cysts lined by flattened thyroid epithelial cells. 
Between these colloid lakes were groups of small proliferating thyroid follicles sur- 
rounded by infiltrating lymphocytes and plasma cells. 

Still more advanced lesions were characterized by extension of proliferating fibro- 
blasts throughout the central fibrinous degenerated zone. Abnormal thyroid epithelial 
cells with large bizarre nuciei and abundant vacuolated cytoplasm persisted at the 
periphery. Beyond the fibrous zone the sharply demarcated parenchyma appeared un- 
altered except for the original hyperplasia. 

The most advanced lesions displayed a condensed mucoid fibrous area containing a 
few peripheral! infiltrating lymphocytes and plasma cells. This fibrous lesion was almost 
avascular and was sharply demarcated from the surrounding hyperplastie parenchyma 





+“ 
Hyperplastic Glands (Table 6) 
Fia. 21. (Case 3). Necrotic lesion containing deposits of fibrin (hematoxylin & eosin; 
X20). 
Fig. 22. (Case 5). Margin of necrotic, infarcted zone. Below, the epithelial cells are 
degenerating and display typical radiation changes (hematoxylin & eosin; 186). 
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Figs. 23 anp 24. IRRADIATION FROM RADON 





October, 1954 HISTOLOGIC EFFECTS OF IONIZING RADIATION 1209 


(Fig. 25). No abnormal bizarre or vacuolated cells persisted in these advanced healed 
lesions. At the periphery a few medium-sized arteries and veins displayed eccentric 
intimal mucoid fibrous thickening. These plaques were observed on the side of the 
vessel next to the source of irradiation. The endothelial cells of one vein were enlarged 
and bizarre and had macronuclei. 


IRRADIATION WITH NEUTRONS 


There have been no previous reports concerned with histologic changes 
in the thyroid gland resulting from irradiation with neutrons. 


Results 
A. Normal thyroid glands (Table 7) 


There were 2 patients in this group, neither of whom became hypothyroid following 
irradiation. They were treated for epidermoid carcinoma of the hypopharynx and epi- 
glottis, respectively. 

The glands displayed similar histologic features (Fig. 26). The lobules were reduced 
in size, and there was moderate interlobular fibrosis which widened the interlobular 
septums. In one gland this connective tissue was mucoid and the collagenous fibers 
appeared fragmented. Many thyroid follicles were extremely small and atrophic, but 
also present were follicles of normal size or slightly larger. The colloid did not appear 
unusual in the larger follicles but was sparse and granular or absent in the atrophic 
follicles. Some cellular desquamation had occurred in the larger follicles. A few follicular 
epithelial cells in each gland displayed changes of exhaustion with mild pleomorphism 
and hyperchromatism of their nuclei. Some of these cells had increased amounts of 
finely granular eosinophilic cytoplasm. A group of follicles in one atrophic area showed 
squamous metaplasia. Both glands were characterized by perifollicular fibrosis, which 
was most pronounced in those lobules composed of small atrophic follicles. Scattered 
lymphocytes and fewer plasma cells infiltrated both the perifollicular and interlobular 
connective tissue. In the gland of 1 patient who had been irradiated on the left side only, 
lesions of both thyroid lobes were present but were more severe in the left lobe. The 
arteries in these glands had mild intimal thickening and focal calcification along the 
internal elastic membrane, changes often observed in the thyroid arteries of older per- 
sons. Veins and capillaries were normal. Prior to irradiation neither of the glands had 
nodules or other features suggesting thyroid disease. 


DISCUSSION 


Injury of tissue resulting from ionizing radiation depends upon the type 
and structure of the tissue irradiated, the amount of radiation delivered to, 
and absorbed by the tissue and the duration of the reaction produced by 





“~«é 
Hyperplastic Glands (Table 6) 


Fig. 23. (Case 3). Margin of necrotic zone showing radiation effect. The epithelial 
cells are pleomorphic, and many bizarre and elongated cells are seen (hematoxylin & 
eosin; 650). 

Fig. 24. (Case 1). Similar epithelial alteration in a remaining follicle. Cellular vacu- 
olization is common (hematoxylin & eosin; 650). 
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radiation (1, 2): The effects on tissue from either particulate radiation or 
gamma or roentgen rays are qualitatively similar. Cellular necrosis, de- 
generation of intercellular tissues and vascular injuries have been con- 
sidered characteristic of the reaction to irradiation. 

There are several factors influencing the effects of irradiation on the hu- 
man thyroid gland. The sensitivity of thyroid epithelial cells to irradiation 
probably varies with the degree of functional activity. The hyperplastic 
thyroid cell would appear to be more sensitive than the normal cell since, 
in general, more actively functioning and proliferating cells are more sen- 
sitive to irradiation. Irradiation is probably not delivered or absorbed uni- 
formly throughout a thyroid gland when this tissue is irradiated either 
internally or externally. In part this may be due to differences in vascular 
activity of various lobules of the gland. The effects of irradiation from 
T'51 also depend upon the rate of uptake and release of the radioactive sub- 
stance. Although the uptake in a hyperplastic gland is greater, the release 
occurs sooner, and the final effect on the thyroid tissue may be less than is 
the case in a normal thyroid gland which retains I'*' longer. The amount of 
radiation per unit of thyroid tissue must also be considered as influencing 
the effect of I’. Finally, the effect of irradiation on hyperplastic and nor- 
mal glands might be expected to be different since, in the hyperplastic 
gland which has been irradiated, there is continued stimulation of thyroid 
epithelium by excessive thyroid-stimulating hormone. 

In combination, nuclear abnormalities, fibrosis and vascular alteration 
can, as a rule, be credited to radiation (1, 2). These thyroid lesions may be 
observed, however, in a variety of thyroid diseases. In a previous study, 
using a test-retest method, we identified objectively those histologic effects 
due specifically to radiation from I'*! (5). Acute necrosis, pronounced fol- 
licular atrophy and extensive perifollicular fibrosis, were lesions which 
could be determined with reliability. It should be emphasized that these 
lesions resulted from high dosage of I'*!. 

Although almost all patients with hyperthyroidism treated with I'*! be- 
came euthyroid, only 9 of 24 glands had histologic lesions regarded as 
caused directly by radiation (Table 1). This indicates that functional al- 
teration causing decreased thyroid hormone production had resulted from 





<« 
IRRADIATION FROM RADON 
Hyperplastic Gland (Table 6) 
Fig. 25. (Case 9). Healed fibrous lesion showing sharply demarcated border (hema- 
toxylin & eosin; 186). 
IRRADIATION WITH NEUTRONS 
Normal Gland (Table 7) 
Fig. 26. (Case 2). Atrophic follicles with considerable perifollicular fibrosis. There is 
mild epithelial eosinophilia and nuclear pleomorphism (hematoxylin & eosin; 246). 
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cellular injury by I"! but that this injury had not produced cellular lesions 
visible by ordinary histologic methods. Seven of 24 hyperplastic glands ir- 
radiated with I'*! showed predominantly the changes of hyperplasia, often 
with some degree of involution. This finding would suggest that, not only 
was cellular injury accompanied by decreased thyroid hormone production, 
but this injury prevented or interfered with further stimulation of the thy- 
roid epithelial cells by thyroid-stimulating hormone. This injury may have 
involved intracellular enzymes. Studies directed at this point are being con- 
ducted in this laboratory. The question whether or not I'*! alone caused 
involution of the hyperplastic gland in Graves’ disease was not answered 
in this study, since those patients receiving only I! preoperatively had 
thyroid lesions other than involuting hyperplasia (Groups II and III). 

Ten of the 24 patients with diffuse toxic goiter treated with I! pre- 
sented the typical pattern of Hashimoto thyroiditis. Previous studies (16, 
26) have suggested that Hashimoto thyroiditis may follow thyroid hyper- 
plasia, in some instances associated with hyperthyroidism. We have indi- 
cated previously that this increased frequency of Hashimoto thyroiditis in 
hyperplastic glands irradiated with I'*! is highly significant and undoubt- 
edly means that this lesion is a result of irradiation (4). We are suggesting 
that irradiation from I'*! causes intracellular damage of the thyroid cell so 
that thyroid hormone production is decreased to some degree. Continued 
excessive stimulation by thyroid-stimulating hormone produces intrafol- 
licular thyroid cellular proliferation associated with lymphoid infiltration, 
the classic lesions of Hashimoto thyroiditis (16). We have previously 
pointed out that this form of thyroiditis is not an inflammatory reaction in 
the true sense. With higher doses of I'*!, acute cellular necrosis and, later, 
follicular atrophy occur. It would appear that only a few remaining thy- 
roid epithelial cells are then capable of being stimulated by thyroid-stim- 
ulating hormone, although several of the glands displaying late fibrotic le- 
sions from irradiation had hyperplastic nodules, regarded as compensatory 
in type. These may have arisen from thyroid cells which were less severely 
injured. With higher doses of internal radiation, follicular atrophy and dis- 
appearance are associated with an increase in perifollicular fibrous tissue. 
This appears to be one of the more consistent changes resulting from irradi- 
ation of any type. 

The hyperplastic glands, irradiated with I*', characteristically dis- 
played cellular changes regarded as those of exhaustion—the so-called 
‘“Hiirthle” cells. It would appear that continued excessive stimulation by 
thyrotropic hormone in Graves’ disease is responsible for the appearance 
of these cells. Our studies have suggested that such cells have no direct 
relation to radiation injury or to proliferative activity. They show definite 
differences from irradiated cells. These bizarre thyroid cells vary consider- 
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ably in size and appearance. They are cuboidal as a rule, rather than colum- 
nar. The nuclei vary from 6 or 7 microns to 30 microns in their widest di- 
ameters. They are usually round, although they may be oval, elongated or, 
at times, crescentic in shape. Although the nuclei appear hyperchromatic, 
the nuclear chromatin is actually very finely divided and dispersed, lying 
in a pale, basophilic, opaque background. Some nuclei contain nucleoli 
which may be multiple and which are usually discrete and generally baso- 
philic. The nuclear membranes are distinct but are not widened or thick- 
ened. The nuclear margins at times are crenated or indented. Coarse 
nuclear chromatin networks and dense nuclear membranes, characteristic 
of proliferating cells, are not seen in these cells. The abundant cytoplasm 
is usually eosinophilic and homogeneous. Often, however, it is finely gran- 
ular and eosinophilic, or it may be pale, finely vacuolated or foamy. Mitoses 
are not found in these cells. Admittedly, pronounced cellular pleomor- 
phism and nuclear hypertrophy and hyperchromatism may at times 
strongly suggest a malignant proliferating lesion. Friedman (27) has de- 
scribed these cells in a variety of thyroid diseases. 

In contrast, cellular changes resulting from irradiation are characterized 
by nuclear distortion and pyknosis, nuclear and cellular pleomorphism 
and, usually, by pronounced degenerative vacuolization of the cytoplasm 
(28). These typical radiation changes were evident in the hyperplastic 
glands irradiated from radon seeds, and in the normal glands irradiated 
with large doses of I'*! and examined relatively soon after irradiation. 
These radiation changes in thyroid cells were not seen in chronic radiation 
lesions after long intervals following irradiation. It was at this time that 
the pleomorphic ‘‘Hiirthle” cells appeared prominently. 

The reaction in toxic nodular goiters irradiated with I‘! was similar to 
that in toxic diffuse goiters. The lesions found in the residual thyroid 
parenchyma were believed due to radiation and included follicular atrophy 
associated with perifollicular fibrosis. Cellular changes of exhaustion were 
also observed. Although degenerative and necrotic changes had occurred 
in most of the nodules, these changes could not be definitely ascribed to 
irradiation, since similar degenerative changes are often found in nodules 
of nonirradiated glands. 

The effect of high doses of I'*4 on normal thyroid glands was similar to 
that observed in some hyperplastic glands which had also received higher 
doses. The effects observed, consisting of acute necrosis and evidences of 
typical radiation changes in thyroid epithelium and, later, of extensive loss 
of thyroid epithelium accompanied by extensive fibrosis, were regarded as 
direct effects of irradiation. 

The hyperplastic glands (nodular or diffuse) externally irradiated with 
x-rays had some resemblance to those irradiated internally with I'*1, al- 
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though the majority of patients were still toxic at the time of thyroidec- 
tomy. Perifollicular fibrosis, noted in many of the glands, was thought to be 
a radiation effect. Approximately the same incidence of Hashimoto thy- 
roiditis was found in these glands as in those irradiated from I", suggesting 
similar etiologic factors. In addition, all the externally irradiated hyper- 
plastic glands showed exhausted pleomorphic and eosinophilic thyroid 
epithelial cells. These presumably had been altered by continued overstim- 
ulation by thyroid-stimulating hormone. 

The lesions resulting from implantation of radon tubes resulted in a dif- 
ferent pattern of injury. An intense but relatively localized acute necrosis 
of thyroid tissue occurred, probably due in some measure to severe vascular 
injury with thrombosis. Exudation of fibrin appeared to be a prominent 
part of the reaction to injury from irradiation. At the peripheral portion of 
the necrotic zone, most of the residual thyroid epithelial cells displayed de- 
generative changes characteristic of those resulting from irradiation (28). 
More peripherally, this cellular alteration due to irradiation was less pro- 
nounced, but the resulting atrophy was accompanied by perifollicular fi- 
brosis and chronic inflammation. The abrupt transition, more peripherally, 
to apparently uninjured hyperplastic thyroid tissue indicates a relatively 
short range of the beta and gamma radiation from radon. Some peripheral 
hyperplastic cells did, however, display changes of exhaustion. The most 
advanced lesions consisted only of an avascular fibrous scar without de- 
monstrable residual degenerated thyroid epithelial cells. 

The normal glands irradiated externally either with x-rays or neutrons 
displayed less pronounced lesions. Follicular atrophy and perifollicular and 
interlobular fibrosis were observed in most of the glands and were believed 
to be due to irradiation. In addition, the majority contained some thyroid 
epithelial cells showing changes of exhaustion. Fibrous thickening of arte- 
rial intimas appeared slightly more prominently in thse glands than in the 
externally irradiated hyperplastic glands. Although 1 patient, irradiated 
with x-rays, showed focal Hashimoto thyroiditis, this patient also had a 
papillary carcinoma of the thyroid for which irradiation was being admin- 
istered. Since these two thyroid lesions are not infrequently seen in the 
same gland (16), this type of thyroiditis was not necessarily related to ir- 
radiation. There were no clinical evidences of decreased thyroid function 
except in 1 patient. Changes of cellular exhaustion were less prominent in 
these normal glands than in hyperplastic glands due, possibly, to the fact 
that excessive activity of thyroid-stimulating hormone was not present. 

Vascular injury in the thyroid gland resulted from the intense irradia- 
tion of higher dosage. Thus, those glands irradiated from high doses of I! 
and from radon were characterized by acute vascular injury, vascular ne- 
crosis and thrombosis. The atrophic fibrosed glands, examined long inter- 
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vals after high doses of I'*!, were relatively avascular. It appeared that 
many vessels in these glands were occluded by envelopment in the condens- 
ing fibrous thyroid stroma. In most of the remaining irradiated glands in 
this study, many medium-sized and larger arteries, particularly near the 
thyroid capsules, had some degree of intimal fibrous thickening occasion- 
ally accompanied by calcification near the internal elastic membrane. Since 
similar vascular lesions are commonly observed in the thyroid glands of 
older persons, arterial lesions in these irradiated glands could not be at- 
tributed with certainty to irradiation. 

This study has indicated that effects on thyroid tissues of various types 
of ionizing radiation are qualitatively similar. The various patterns of in- 
jury appear to depend upon the functional state of the thyroid tissue, the 
dose of irradiation delivered to the tissue and the duration of the reaction 
following irradiation. 

As early as 1949 Quimby and Werner (29) were concerned with the ques- 
tion of the late development of thyroid neoplasia following irradiation. 
From a survey sent to a group of radiologists and thyroid specialists, 10 
cases were reported in which carcinoma of the thyroid developed following 
irradiation with x-rays for hyperthyroidism. It was concluded that in only 
3 of the 10 did the possibility exist that the irradiation was responsible for 
development of thyroid carcinoma. These authors suggested a careful fol- 
low-up of patients irradiated with I’! and further suggested considerable 
care in the use of this substance. 

Dobyns and co-workers (15) found no cases of thyroid carcinoma devel- 
oping in 400 patients treated with I"! during the past ten years. These 
authors were impressed by abnormal bizarre thyroid cells found after 
long intervals following irradiation with I'*!. The possibility was considered 
that cellular mutation might be related to thyroid neoplasia. 

A number of reports have indicated that benign and malignant thyroid 
neoplasms can be produced in rats by administration of I'*! (80-32), al- 
though it is known that similar tumors result in these animals from chronic 
iodine deficiency or administration of goitrogens (34-36). Doniach (32) 
found that a combination of methylthiouracil and radiation with I pro- 
duced a high incidence of benign and malignant thyroid neoplasms. He 
concluded that irradiation produced irreversible changes in thyroid cells, 
making them more susceptible to neoplastic development when stimulated 
by thyroid-stimulating hormone. He further pointed out that the amount 
of irradiation from I'*! leading to thyroid neoplasia in rats was comparable 
to the dosage commonly used in the treatment of Graves’ disease. It was 
concluded further that the present dosage of I'*! used in such treatment 
might eventually prove carcinogenic. 

In the present study no malignant thyroid neoplasms were found in 
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glands which had received any form of irradiation. In normal glands no 
lesions were found suggesting epithelial proliferation which might conceiv- 
ably result in thyroid neoplasia. On the other hand, the high incidence of 
the pattern of Hashimoto thyroiditis in hyperplastic glands treated with 
either I'*' or x-rays is an indication of thyroid proliferative activity. A 
relationship between Hashimoto thyroiditis and thyroid neoplasia has been 
previously suggested (16). Multiple benign neoplastic nodules had ap- 
peared in each of 3 of the irradiated hyperplastic glands in this study. Two 
glands, one irradiated with I’ and one irradiated externally with x-rays, 
had multiple adenomas found approximately six and twenty-one years re- 
spectively following the first irradiation. These neoplasms appeared to 
have originated from the intrafollicular epithelial proliferation of the 
Hashimoto thyroiditis. The present study suggests that thyroid carcinomas 
may eventually develop in human hyperplastic thyroid glands after long 
periods following irradiation. It would seem reasonable to believe that the 
use of thiourea compounds would increase this possibility. 


SUMMARY 


1. This study is concerned with the histologic changes in human thy- 
roid glands following administration of various forms of internal and ex- 


ternal irradiation. 

2. The lesions observed in thyroid glands irradiated with I", x-rays, 
radon or neutrons were qualitatively similar. Acute epithelial injury, asso- 
ciated -with necrotizing vasculitis and thrombosis, was the initial lesion 
resulting from high dosage of irradiation. Follicular atrophy accompanied 
by perifollicular fibrosis was characteristic of the late reaction produced by 
irradiation. 

3. Bizarre thyroid epithelial cells with hyperchromatic nuclei were ob- 
served in many irradiated glands, particularly the hyperplastic ones. These 
cellular changes were believed due to overstimulation and exhaustion, 
rather than to the direct effect of irradiation. Cellular changes due to ir- 
radiation were found only in glands subjected to high dosage of irradiation 
and examined relatively soon after the exposure. 

4. A significantly high incidence of Hashimoto thyroiditis was found in 
hyperplastic thyroid glands irradiated with I'* or x-rays. This lesion was 
regarded as one effect of irradiation of the hyperplastic gland. The epi- 
thelial proliferative reaction in 2 of these glands led to the late develop- 
ment of multiple adenomas. These findings suggest the possibility of even- 
tual development of malignant lesions in the irradiated hyperplastic human 
thyroid gland. 
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IN VITRO STUDIES OF THE INTACT 
THYROID GLAND* 


A. L. BOTKIN,{ M.S., C. D. ESKELSON, M.S., H. E. 
FIRSHEIM, M.S. ann H. JENSEN, Pu.D. 


Biochemistry Department of the Army Medical Research 
Laboratory, Fort Knox, Kentucky 


HE interpretations of recent investigations of this laboratory on thyroid 

function under certain conditions of experimental stress (1-5) have 
been beset by the question of peripheral utilization and of excretion of re- 
leased thyroid hormone.! 

In determining thyroid functional activity by the use of radioiodine 
(I!*!), the following considerations should be taken into account: 

A. The amount of I'*! in the gland after I'*! administration is the result- 
ant of the rate of uptake and of the degree of conversion and release from 
the gland. 

B. The organic I'*! in the blood is the resultant of the rate of release of 
hormone from the gland and the rate of utilization and excretion. 

In order to circumvent the in vivo influence of possible peripheral util- 
ization and excretion of the thyroid hormone with regard to the physio- 
logic state of the thyroid, in vitro studies were undertaken on the effect of 
thyroxin, thiocyanate or thyrotropic hormone (TSH) on the functional 
activity of the intact isolated gland. 


EXPERIMENTAL METHODS 


Male rats of the Sprague-Dawley strain, weighing from 200 to 250 grams, were used 
throughout the experiment. Hypophysectomized rats and litter mates were purchased 


from Hormone Assay Laboratory, Inc., Chicago, Ill. 
The animals were housed at 25° C.+1°. The normal animals were fed Purina check- 


ered dog chow and the hypophysectomized animals received, in addition, oranges, car- 
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* Presented at the Annual Meeting of the American Goiter Association, Boston, Mass. 
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This article will be included in the bound volume of the 1954 ‘Transactions of the 
American Goiter Association” published by Charles C Thomas, Publisher, which will be 
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1 Recently Gross and Pitt-Rivers (6) have presented evidence that the thyroid re- 
leases, in addition to thyroxin, another active principle, which was shown to be 3:5:3’- 
triiodothyronine. ; 
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rots and bread. Food, but not water, was withheld eighteen to twenty-four hours before 
sacrifice. Radioactive iodine? was administered intraperitoneally eighteen hours before 
sacrifice, if not otherwise stated. Injections of thyroxin and TSH? were given at various 
time intervals. The animals were sacrificed by a sharp blow at the base of the skull and 
exsanguinated by thoracic incision. The thyroids were removed quickly and with as little 
damage as possibie. Approximately three minutes elapsed from the time of sacrifice to 
the start of the incubation. 

The glands were incubated with constant agitation in glass-stoppered flasks contain- 
ing 2 ml. of modified Krebs buffer (7). The incubations were carried out at 37° C.+1° for 
four hours, unless otherwise stated. 

After incubation, the glands were removed from the incubation media, rinsed once in 
saline, blotted on filter paper and dissolved in 2 ml. of 2N NaOH by heating on a steam 
bath for two hours, or until dissolved. 

The incubation media (bath) and gland hydrolysates were diluted to 10 ml. Both solu- 
tions were analyzed for their total and organically bound radioiodine contents, employing 
the methods of Morton and Chaikoff (8). Further details of the experimeatal conditions 
are given in the various tables. 


RESULTS AND INTERPRETATIONS 


The distribution of radioiodine in the gland and in the bath was subject 
to considerable variation in the different experiments, but in each case was 
compared with a standard prepared from the administered material. The 
experimental data compiled may be classified into six groups: 


Group 1: Effect of thyroxin on thyroid function 


Results on the distribution of I'*' in the gland and in the bath indicated 
that thyroxin administration induces a hypofunctional state of the thyroid 
(Table 1). There was an apparent inhibition of both the in vivo (Table 1) 
and the in vitro (Table 2) uptake and conversion of I'*!, These results are 
in agreement with the findings of Purves and Griesbach (9) that oral ad- 
ministration of desiccated thyroid to rats decreased the TSH content of 
the pituitary to less than 5 per cent of control values, and are also in agree- 
ment with those of Greer (10) and of Perlmutter (11) that the uptake of 
I'*! by the thyroid gland of normal persons was markedly inhibited by in- 
gestion of desiccated thyroid. 

No definite effect of thyroxin upon the uptake or release of I'*! could be 
observed when the gland was incubated in vitro with I and thyroxin 
(data omitted). Apparently thyroxin acts mainly upon the mechanism for 
release of TSH from the anterior pituitary, rather than upon the thyroid 





2 The radioactive iodine, I'*!, used in this investigation was supplied on allocation from 
the Isotope Division, U. 8. Atomic Energy Commission. 
» ®* The TSH was from two sources: 1) a Parke-Davis preparation containing 10 J. 8. 
units per mg., and 2) two Armour preparations, one containing 4 J. 8. units per mg., the 
other 5 J. 8. units per mg. The authors are greatly appreciative of the generosity of these 
two companies.. 
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TABLE 1. INFLUENCE OF THYROXIN ADMINISTRATION ON THYROID FUNCTION 








Gland Bath 





‘Treatment Total Organic Total Organic 
Cpm* X10 Cpm X10 Cpm X10 Cpm X10 








EXPERIMENT If MEAN 8.D. MEAN 8.D. MEAN 8,D. MEAN 8.D. 
[3 in vivo 24.374+5.19 17.88+5.99 28.18+8.36 12.18+4.26 
[31 +Thyroxin in vivo 10.55+3.78 8.23+1.88 14.844+3.66 6.62+1.84 

p<.01 t=5.59 | p<.01 t=5.05 | p<.01 t=5.06 | p<.01 t=4.16 

EXPERIMENT IIf 
A. Control I'*) (20 hrs.) 5.03+2.00 3.8741.54 4.62+1.54 1.49+0.10 

Thyroxin +11 1.64+0.12 1.30+0.10 1.93+0.14 0.51+0.13 
p<.01 t=8.94 | p<.01 t=3.95 | p<.01 t=4.13 | p<.01 t=4.66 


B. Control I! (2 hrs.) 1.86+0.85 1.80+0.83 1.82+0.60 1.09+0.49 
Thyroxin +I 0.62+0.24 0.59+0.30 0.73+0.20 0.50+0.12 

-20>p>.10 -10>p>.05 p<.01 t=4.26 -02>p>.01 
t=1.51 t =1.85 t =2.89 




















* Counts per minute. 
+ Animals injected with 5 ue. of It and 0.5 mg. of /-thyroxin eighteen hours before sacrifice. Glands incubated for 


four hours in Krebs buffer. 
¢ Animals injected with 0.5 mg. of /-thyroxin at twenty-four, twelve, and two hours before sacrifice; in Group A, 


5 uc. of I'8t given twenty hours before; and in Group B, two hours before sacrifice. Glands incubated for four hours in 
Krebs buffer. 


TABLE 2. INFLUENCE OF THYROXIN ADMINISTRATION ON THYROID FUNCTION 








Gland 





No. of 
Treatment rats Total Organic 


Cpm X 10° Cpm X10 








MEAN 8.D. MEAN 8.D. 


EXPERIMENT I* 
Run I. Control 
Thyroxin 


2.32 +0.94 
0.68 +0.36 
p<.01 t=3.99 


Run II. Control 7.33 +0.96 4.254+1.04 
Thyroxin 4.53 +0.31 2.02 +0.20 
-10<p<.05 t=2.15 p<.01 t=5.19 


EXPERIMENT [It 
Control 12 7.36 +3.62 5.83 +4.91 


Thyroxin 12 4.36 +2.08 1.88 +1.26 
.05>p > .02 t=2.50 .05>p > .02 t=2.46 

















* Animals injected with 0.5 mg. of /-thyroxin eighteen hours before sacrifice. Glands 
incubated for four hours in Krebs buffer containing 1 we. of I". 

+ Animals injected with 0.5 mg. of l-thyroxin at twenty-four, twelve, and two hours 
before sacrifice. Glands incubated for four hours in Krebs buffer containing 1 ue. of I). 
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itself. These results are in agreement with the generally accepted assump- 
tion that the rate of release of TSH from the anterior pituitary is regulated 
predominantly by the level of circulating thyroid hormone. 


Group 2: Effect of thiocyanate on thyroid function 


The data in Table 3 show that thiocyanate prevents the uptake of I’! 
associated with a decreased content of organic I'*' in the gland. These find- 
ings are in agreement with similar in vitro observations of Franklin, Chai- 
koff and Lerner (12) and with in vivo observations of Wyngaarden and his 


associates (13). 


TABLE 3. EFFECT OF THIOCYANATE ON THE UPTAKE OF [!*! py THE THYROID 








Gland 





Treatment Total Organic 
Cpm X 10° Cpm X 10° 





EXPERIMENT I* MEAN S.D. MEAN S.D. 


Control 
KSCN 


EXPERIMENT II* 
Control 
KSCN 








4.19+2.22 
1.58 +0.19 
.01 <p <.02 t=2.87 


10.87 +3.32 
2.26 +1.93 
p<.01 t=5.48 





0.36 40.32 
0.051 +0.03 
.10>p>.05 t=1.93 


6.12 +3.37 
1.38 +1.87 
01 <p <.02 t=3.02 








* Glands incubated for four hours in Krebs buffer containing 1 ue. of I! and 0.3 
mg. of KSCN. 


The data in Table 4 illustrate that thiocyanate does not cause any sig- 
nificant release of I'*! from the gland in vitro. Other investigators (14, 15) 
have reported that in rats pretreated with propylthiouracil, thiocyanate 
may cause the discharge of inorganic iodide previously accumulated by the 
thyroid gland. Apparently thiocyanate can cause the thyroid to expel in- 
organic iodide but not “iodine.” 

The mechanism of the action of thiocyanate has not yet been definitely 
established; this agent seems to inhibit the enzyme system responsible for 
the uptake of iodide. Raben (16) has suggested the possibility that large 
doses of thiocyanate may, in addition to the foregoing effect, directly affect 


organic synthesis. 
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TABLE 4. EFFECT OF THIOCYANATE ON THE RELEASE OF I[!*! FROM THE THYROID GLAND 








No. of 
rats Organic 
Cpm X 10 





Treatment 





EXPERIMENT I* MEAN S.D. 
Control 17.55 +4.07 16.39 +3.21 
KSCN 19.15 +5.78 14.99 +5.04 

.50 <p <.60 t= .563 -40 <p <.50 t=.788 


EXPERIMENT IIf 
Control 0.59 +0.08 0.49 +0.03 
KSCN 0.48 +0.05 0.41 +0.11 

.10>p>.05 t=2.16 .10>p>.05 t=1.90 














* Animals injected with 5 uc. of I'*' eighteen hours prior to sacrifice. Glands incu- 
bated for four hours in Krebs buffer containing 0.3 mg. of KSCN. 

T Animals injected with 5 ue. of I! fifteen minutes before sacrifice. Glands treated 
as in Exp. I. 


Group 3: Administration of both TSH and I"*' in vivo 


The results of this study are given in Table 5. In Experiment 1, TSH and 
I'3! were given eighteen hours before sacrifice, and the gland was incubated 


in buffer for four hours. Under these conditions, TSH produced a lowering 
of total and organic I'* in the gland. This effect was also reflected in the 
difference in the amounts of total and organic I'*! in the bath between the 
TSH-treated and untreated animals. 

Similar results were obtained for multiple TSH injections over a twenty- 
four-hour period and I! administration twenty-four hours prior to sac- 
rifice (see Exp. II, Table 5). 

In Experiment III, I'*! was administered one hour before sacrifice of the 
animals which had received multiple injections of TSH ranging over a 
period of twenty-six to sixty-two hours. It is evident from the data pre- 
sented in Table 5 that TSH administration under these conditions pro- 
duced an increase in total and organic I'*! in the gland. 

The results of Experiments II and III (Group A), in which 3 injections 
of TSH were given over a period of twenty-four to twenty-six hours, in- 
dicate that the time at which I"*! was administered influenced the total and 
organic I'*! content in the gland and also in the bath. When I'*! was given 
twenty-four hours before sacrifice, the administered TSH caused the gland 
to release most of the accumulated I'*!. On the other hand, when I’*! was 
given one hour before sacrifice, the gland could retain a greater percentage 
of accumulated I, 
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TABLE 5, EFFECT OF SIMULTANEOUS ADMINISTRATION OF TSH anp [!*! 








Treatment 


Gland 


Bath 





Total 
Cpm X10 


Organic 
Cpm X10* 


Total 
Cpm X108 


Organic 
Cpm X10 





EXPERIMENT I* 
Group A 
Control—I™ 
TSH +I 


Group B 
Albumin +I 
TSH +I™ 


EXPERIMENT IIT 
Saline +I% 
TSH +I™ 


Experiment IIIf 
Group A 
3 Saline inj. +11 
3 TSH inj. +1 


Group B 
4 Saline inj. +I 
4 TSH inj. +P" 


Group C 
5 Saline inj. +1 
5 TSH inj. +I“ 


Group D 
6 Saline inj. +I 
6 TSH inj. +1 








MEAN 8.D. 


32.28+6.51 
25.394+5.24 
p<.0l1 t=2.85 


31.05+5.13 

20.50+7.27 

-02 <p <.05 
t=2.51 


15.214+3.13 

10.98+4.73 

-10>p>.05 
t=2.11 


6.95+1.72 
8.744+0.55§ 
.05<p<.10 
t=1.98 


5.96+0.8 
12.10+0.75§ 
p<.01 t=14.83 


3.10+0.30 
6.34+1.00§ 
p<.01 t=14.83 


5.26+1.00§ 
9.13+2.00§ 

-.01 <p <.02 
t =3.27 





MEAN  8.D. 


23 .69+9.04 

20.47 +4.68 

-20 <p <.30 
t=1.18 


25.25+5.00 
15.33 +2.76 
p<.01 t=3.68 


13.45+2.73 
8.00+2.02 
p<.01 t=3.95 


6.2141.50 

7.3440.31 

-20 <p <.30 
t =1.27 


5.30+0.8 
9.214+0.7 
p<.01 t=9.95 


2.53+0.3 
6.12+1.00 
p<.01 t=9.95 


4.60+1.40 
7.68+1.90 . 

-02 <p <.05 
t =2.70 





MEAN 8.D. 


29.72+5.36 
20.22+3.45 
p<.01 t=5.21 


27 .97 + 4.62 
17.59+2.49 
p<.01 t=7.86 


7.47+2.64 
5.86+1.89 

-20<p<.30 
t =1.22 


2.2641.08 

3.93+0.57 

-05 >p > .02 
t =2.83 


3.06+1.0 
5.454+1.1 

-01 <p <.02 
t =3.48 


2.10+1.00 
3.84+1.40 

.02>p>.01 
t =3.79 


2.23+1.00 
3.43+0.18 

-01 <p <.02 
t =3.63 





MEAN 8.D. 


15.02+3.56 
11.104+2.12 
p<.01 t=3.32 


15.63 +3.23 
9.384+1.53 
p<.0l1 t=7.23 


5.60+2.10 
3.5341.27 

-10>p>.05 
t =2.07 


0.70+0.36 
1.25+0.24 

-20>p>.10 
t =1.62 


1.03+0.26 

1.58+0.26 - 

-50 <p <.60 
t =8.67 


0.50+0.10 
0.86+0.60 

-10<p<.20 
t =1.63 


0.90+0.36 

1.17+1.00 

-10<p<.20 
=1.76 





* TSH and 5 uc. of I'*! injected intraperitoneally eighteen hours before sacrifice. The group received 5 mg. of TSH 


(10 J. S. units/mg.). Controls received 5 mg. of bovine albumin. Glands incubated for four hours in Krebs buffer. 

+ Animals injected with 5 ye. of I'*! twenty-four hours before sacrifice, and 1.25 mg. of TSH (10 J.S. units/mg.) at 
twenty-four, twelve, and two hours before sacrifice. Controls received 5 yc. of I'3! twenty-four hours before, and saline 
twenty-four, twelve, and two hours before sacrifice. Glands incubated for four hours in Krebs buffer. 

t Each animal received multiple injections of 1.25 mg. of TSH (10 units/mg.) at intervals of twelve hours, the last 
injection being given two hours before sacrifice; 5 uc. of It given one hour before sacrifice. Controls reveived saline 
instead of TSH and also 5 uc. of I'! one hour before sacrifice. Glands incubated for two hours in Krebs buffer. 

§ Weight of gland increased. 


Group 4: Administration of TSH in vivo, and incubation of gland in vitro 
with [! 


As may be seen from Table 6, the glands from normal animals which had 
received a single injection of TSH forty-two hours prior to sacrifice, took 
up less I'*!, apparently associated with a decreased content of organic I", 
as compared with glands from untreated animals. The increased blood level 





October, 1954 


IN VITRO STUDIES OF INTACT THYROID 


TABLE 6. Errect oF in vivo TSH on in vitro THYROIDAL UPTAKE OF [!*! 








Treatment 


No. of 


rats 





Organic 
Cpm X 108 








EXPERIMENT I[* 
(Normal rats) 
Control—Saline 

TSH 


EXPERIMENT I[I* 
(Hypophysectom- 
ized rats) 
Control—Saline 
TSH 


8 
10 


6.89 +2.50 
4.44+1.60 


05 <p <.10 t=1.88 


1.84 40.56 
5.09 +2.28 
p<.01 t=3.90 





4.91 +2.60 
2.61 +1.09 
.05 <p <.10 t=1.84 


0.67 +0.48 
1.48 +1.05 
.05<p<.10 t=1.78 











* Normal animals injected with 20 J.S. units of TSH; hypophysectomized, with 50 
J.S. units of TSH or saline, forty-two hours before sacrifice. Glands incubated four 
hours in Krebs buffer containing 1 ue. of I, 


of thyroid hormone caused by TSH may have produced a hypofunctional 
state of the thyroid similar to that caused by thyroxin administration, 
presumably by inhibiting further TSH release from the anterior pituitary. 

Administration of TSH to hypophysectomized animals increased 
thyroid functional activity, as shown by an increased total amount of in- 
organic and organic I'*! in the gland as compared with glands from the 
untreated hypophysectomized animals (Exp. II, Table 6). In this case, 
TSH administration apparently caused a shift from the hypofunctional 
state of the thyroid of the hypophysectomized animal towards the func- 
tional state of a normal gland. 


Group 5: Administration of I'*! in vivo and incubation of gland in vitro 
with TSH 


In this experiment I!*! was introduced into the thyroids in vivo and the 
glands were then incubated in buffer with TSH or albumin. As may be 
seen from the data of Table 7 (Exp. I), there was a reduction in the total 
I! content of those glands incubated with TSH. There also seemed to be 
a decrease in the organic I'*! content, but the significance of this reduction 
appears to be somewhat questionable. Similar observations were made 
with thyroids from hypophysectomized rats. However, it is obvious that 
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TaBLe 7. THE in vitro EFFECT OF TSH ON RELEASE OF [*! FROM THE THYROID 








Treatment 


No. of 
rats 


Gland 





Total 
Cpm X 10° 


Organic 
Cpm X 10° 





EXPERIMENT I* 
Normal control 
Normal+ TSH 


EXPERIMENT II* 
Hypophysectom- 
ized control 
Hypophysectom- 
ized +TSH 








MEAN 8.D. 
30.49 +8.7 


24.66 +6.4 
.05<p<.10 t=1.75 


0.206 +0.040 


0.071 +0.041 
.10>p>.05 t=2.55 





MEAN 8.D. 


28.44+7.9 
22.35 +6.5 


40 >p>.30 t= .944 


0.1385 +0.025 


0.040 +0.017 


.10 <p <.20 t=2.08 





* Animals were injected intraperitoneally with 5 we. of I'* eighteen hours before 
sacrifice. Glands incubated for four hours in Krebs buffer containing either TSH (24 


J.S. units) or 5 mg. of bovine albumin (control). 


TaBLe 8. Errect or TSH in vitro on in vitro THYROIDAL UPTAKE OF [1 








Treatment 


No. of 
rats 


Gland 





Total 
Cpm X 10° 


Organic 
Cpm X10* 





EXPERIMENT I* 
Control+I!"! 
TSH+I 


EXPERIMENT IIt 
(Hypophysectom- 
ized rats) 
Control+I!! 
TSH+I 








MEAN 8.D. 


14.88 +4.20 
4.66 +0.92 
p <.01 t=5.87 


1.94+0.3 
1.45+0.1 
.10<p<.20 





MEAN 8.D. 


4.83 +4.25 
1.07 +0.53 
p<.01 t=3.05 


0.70+0.2 
0.12+0.01 
.02 <p <.05 





* Thyroid glands from normal animals incubated for four hours in Krebs buffer 
containing 10 J.S. units of TSH and 1 ue. of I". 


} For gland total I, only 6 animals. 
t Thyroids (hypophysectomized animals) incubated for four hours in Krebs buffer 


containing either TSH (10 J.S. units) or bovine albumin and 1 ye. of I". 
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the glands from the hypophysectomized animals were in a less functional 
state compared with glands from normal animals. 


Group 6: Incubation of gland in vitro with both TSH and ['*! 


Results of incubation of the thyroid (normal and hypophysectomized 
animals) with TSH and I"! simultaneously indicate that TSH will produce 
a lowering of total I'*! with an apparent simultaneous release of organic 
I'5! (Table 8). 


GENERAL DISCUSSION 


The over-all results of the in vitro studies on the normal thyroid treated 
with TSH and I" under various experimental conditions seem to indicate 
that the primary effect of TSH is to induce a release of hormone from the 
thyroid. Histologic studies of the gland seem to bear out this assumption, 
since TSH appears to cause in vitro a breakdown of colloid and its subse- 
quent resorption.‘ These observations are in agreement with the in vivo 
findings of DeRobertis (17) that the proteolytic activity within the thyroid 
follicles increases soon after the administration of TSH. Thyroid hormone 
is presumably liberated from the thyroglobulin complex present in the 
colloid of the follicle, under the influence of this enzyme, and is then trans- 
ported through the follicular cells into the blood stream. 

In vitro studies on thyroids from hypophysectomized animals gave, in 
general, results similar to those obtained with normal glands. As to be ex- 
pected, the glands from the hypophysectomized animals were in a less 
functional state than normal glands. According to Randall, Lorenz and 
Albert (18) thyroidal iodide collection, conversion to organic iodine, and 
discharge of hormone can occur in the absence of the pituitary, but at a 
much reduced rate. Apparently, collection and secretion are affected to 
about the same extent. This dysfunction may be overcome, at least in 
part, by administration of TSH. 

The finding that TSH in vitro produces a release of organic iodine is in 
agreement with in vivo observations. Using I", Wolff (19) and Botkin and 
Jensen (3) demonstrated in rats a marked release of organic I'*! from the 
thyroid two to four hours after an intraperitoneal injection of TSH, with 
a maximum after about eight hours. In young chicks, Rawson and his col- 
laborators (20) observed an increased release of thyroid hormone within 
six hours, with a maximum twenty-four hours after a subcutaneous injec- 
tion of TSH. The uptake of I'*!, apparently, increases upon continuous 
stimulation of the thyroid by TSH, as illustrated by the results of Experi- 
ment 3 in Group 3 (Table 5). These findings are in agreement with similar 





4 The authors are grateful to Dr. Roy Korson for the histologic studies. 
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observations of Keating, Rawson, Peacock and Evans (21) and of Vander- 
Laan and Greer (22). 

Rawson (20) has suggested that the primary effect of TSH is to liberate 
hormone from the thyroid, and that other responses of the gland to TSH 
may actually be secondary to the release of hormone. Studies by Norton, 
Perlman and Chaikoff (23) on the iodine partition within the gland indicate 
that the loss of a hormone-like fraction occurs faster than that of the diiodo- 
tyrosine or inorganic iodine and hormonal iodine. Release of hormone then 
produces a shift of this equilibrium towards new formation of hormonal 
iodine. 

It would appear that the thyrotropic hormone has at least two main 
effects on the thyroid. These are (a) the liberation of thyroid hormone 
stored in the gland, which in turn may cause an increased turnover rate 
of thyroid hormone, and (b) an increase in the hormone-manufacturing 
capacity, bringing with it the ability of the gland to take up greater 
amounts of iodide and to store larger amounts of hormone (continuous 
stimulation of the gland, see results of Exp. 3 in Group 3). 


SUMMARY 


Thyroxin has been found to exert zn vivo an inhibitory effect on the thy- 
roid, presumably by inhibiting the release of TSH from the hypophysis. 


In vitro, thyroxin apparently does not exert any influence on the release 
of inorganic and organic iodine from the gland. 

Confirmatory evidence has been obtained that thiocyanate inhibits the 
uptake of iodide by the thyroid. 

The results of the in vitro studies on the thyroid, using TSH and ['*! 
under various experimental conditions, indicate that the primary effect of 
TSH is to induce a release of hormone from the gland. Continuous stimu- 
lation of the thyroid by repeated TSH administration over a period of two 
to three days was found to produce an increased content of inorganic and 
organic radioiodine in the gland. 

The significance of these findings is discussed. 
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ANTITHYROID ACTIVITY AND TOXICITY OF 
MERCAZOLE AND NEO-MERCAZOLE 
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M. G. W. HANNO, M.B. anp A. JADRESIC, M.D. 
The Department of Medicine, Postgraduate Medical School of London, England 


INCE the introduction of thiourea and thiouracil for the clinical con- 

trol of thyrotoxicosis (1, 2), various similar antithyroid drugs have in 
turn been favored, largely on account of their lesser toxicity, notably 
methylthiouracil, propylthiouracil and 2-mercapto-1-methylglyoxaline 
(Mercazole) (3). No drug has yet been found that is free from occasional 
toxicity when given in effective antithyroid dosage, but until recently re- 
ports suggested that Mercazole came nearest to this ideal (4, 5). The search 
continues for a drug which in therapeutic dosage will have minimal or, if 
possible, no toxic effects. Recent reports on 2-carbethoxythio-1-methyl- 
glyoxaline or Neo-mercazole (6-9), though not that of Bartels (10), suggest 
that within the therapeutic dose range it may be the least toxic antithyroid 


agent yet available. We are reporting some observations which, by com- 
paring Neo-mercazole with Mercazole, tend to support these preliminary 


findings. 


1. EFFECTIVE DOSAGE OF MERCAZOLE AND NEO-MERCAZOLE IN THYROTOXI- 

COSIS 

In order to simplify the avoidance of goitrogenesis, it is our practice 
when giving antithyroid drugs also to give /-thyroxine throughout the 
therapeutic course, usually in a dosage of 0.3 mg. per day (11). Without 
this supplement, the initial dosage of antithyroid drug would be unchanged, 
although the maintenance dose would be less and would need individual 
adjustment to avoid goitrogenesis. Using this daily supplement of 0.3 
mg. of /-thyroxine, we have found that the effective initial dose, both of 
Mercazole and of Neo-mercazole, is 30 mg. per day, and the effective main- 
tenance dose 15 mg. per day. In all cases the drug was given in three 
equally divided doses, at approximately eight-hour intervals. Within this 
range we have only occasionally met with indications of incomplete con- 
trol or of enlargement of the thyroid gland. The last difficulty can usually 
be overcome by raising the thyroxine dosage. Only a very few patients 
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with large thyroid glands have needed more Neo-mercazole, never more 
than 45 mg. per day. Although we have not analyzed the effects on the 
eye in any great detail since we have been using this combined regimen, 
we have not seen any exacerbation of the ocular manifestations of Graves’ 
disease, with either Mercazole or with Neo-mercazole. 


2. COMPARISON OF ANTITHYROID POTENCY OF NEO-MERCAZOLE AND MERCA- 
ZOLE 


Our clinical experience has agreed with that of Poate (7) and of Doniach 
(9) in suggesting that the antithyroid effects of Neo-mercazole and Mer- 
cazole are about equivalent when these drugs are given at the same dosage 
level (in milligrams). We have tested this impression further by the fol- 
lowing studies :— 


(a) An in vitro comparison 


Antithyroid drugs inhibit the enzymic oxidative iodination of protein, 
an activity which can be measured in vitro (12). Figure 1 and Table 1 
show the results of comparing Neo-mercazole and Mercazole with some 
other antithyroid drugs by this test. Both Mercazole and Neo-mercazole 
appear to be very potent antithyroid drugs, producing 100 per cent in- 


TABLE 1. CHARACTERISTICS OF THE INHIBITION BY VARIOUS ANTITHYROID DRUGS 
OF THE in vitro OXIDATIVE IODINATION OF PROTEIN (USING [!*1)* 

















Speed of 
Potencyt Non-enzymic transition § 
D by enzyme atin’ from 10-90% 
rug test ; inhibition 
” in enzyme th risi 
(at 30 % test (wi rising 
inhibition) drug cone. in 
enzyme test) 
Neo-mercazole 0.84 10% 0.35 
Mercazole 0.63 0 0.56 
2-Thiouracil 0.35 0 0.25 
Para-amino salicylic acid 0.07 28% 0.005 
Sulphathiazole 0.05 80% 0.009 








* Fuller details given in article by Pitney and Fraser (12). 

Tt Potency at 30% inhibition = reciprocal of drug concentration for this effect (in molar 
equivalents relative to iodide present). 

t Non-enzymic action = percentage of inhibition found during peroxide non-enzymic 
test, with the drug concentration just causing 100% inhibition during enzyme test. 

§ Speed of transition =concentration for 10% inhibition divided by that for 90% in- 
hibition. 
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wee INHIBITION of PROTEIN BINDING oF | 











MOLAR EQUIVALENTS OF DRUG. 7 


(RELATIVE To igbibe AT 10-98 monan) 


Fig. 1. In vitro measurement of the “Antithyroid Potency” of various drugs (by their 
inhibition of enzymic protein-binding of I'*'. 

After incubation the proteins are precipitated and the resultant binding measured. 
Each drug is tested at various concentrations in several tubes, and each drug concentra- 
tion is then plotted against the percentage inhibition of binding found with it. 

Note that: (i) with Neo-mercazole the binding reaches 100 per cent inhibition at the 
lowest concentration of any drug tested. (ii) Four drugs (Neo-mercazole, Mercazole, 2- 
thiouracil and 5-iodothiouracil) have similar steep curves, suggesting enzymic inhibition 
as their mode of action. The curves of the other two drugs (para-amino salicylic acid 
and sulphathiazole) rise more slowly, suggesting iodine removal as their mode of action. 
These two compounds achieve 100 per cent inhibition only with high concentrations, 
suggesting a relatively weak ‘“‘antithyroid’’ action. 


hibition at concentrations lower than those of any other drugs tested (at 
three and at six times molar equivalence with the iodide respectively), 
Neo-mercazole appearing to be slightly more potent. If the comparison is 
made on a weight-for-weight basis, rather than between molar equivalents, 
the difference is still greater. 

Some further inferences may be drawn from these results. During this 
test, at pH 7.4, it is unlikely that Neo-mercazole is hydrolyzed to the thiol 
form (Mercazole) ; yet it shows the highest antithyroid activity of the vari- 
ous substances tested, which indicates that it is antithyroid in its unaltered 
form rather than by a slow hydrolysis to the thiol form as suggested by 
Lawson et al. (13). Further, and as noted elsewhere (12, 14), this test sug- 
gests that both Neo-mercazole and Mercazole, as well as some other anti- 
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thyroid drugs, act by enzymic inhibition rather than merely by iodide 
removal. The inhibition curves of these drugs (Fig. 1) rise steeply to 100 
per cent inhibition, in contrast to the much slower rise of the nonenzymic 
inhibitors (para-amino-salicylate and sulphathiazole in Figure 1). If this 
be their mode of action in the thyroid gland, it is likely that they become 
bound to enzymes and are thus retained there in an effective concentration 
even in small doses which, by causing only a minimal extrathyroidal con- 
centration, probably entail a minimal risk of general toxic effects. From 
this zn vitro evidence of both a high potency and an enzyme-inhibitory type 
of action, one might anticipate a minimal toxic risk with Neo-mercazole. 


(b) Comparison of antithyroid effects in man 


Clearly these in vitro tests take no direct account of the readiness with 
which the drugs enter the thyroid gland and persist in their effect there, 
important factors which could modify their clinical potency. Studies were 
therefore made on 10 convalescent patients with clinically normal thyroid 
function, using radioiodine to measure the persistence of antithyroid effect 
after a single dose of the drug. Under these circumstances the duration of 
suppression of radioiodine uptake by the thyroid gland varies with the 
drug’s antithyroid potency (3). The subject’s thyroid uptake of an intra- 
venous dose of radioiodine was therefore measured some hours after a single 


TABLE 2, COMPARISON OF ANTITHYROID POTENCY OF NEO-MERCAZOLE AND 
MERCAZOLE BY ['*! tests ON 10 EUTHYROID CONVALESCENT PATIENTS 























Hours after 5 mg. of 
: drug, when thyroid 
Drug Subject No. uptake reached over 3% 
of the I'*! dose 
1 9.9 
2 7.0 
Mercazole 3 11.0 
4 6.7 
5 8.3 
Mean +s.d. 8.641.65 
6 11.7 
7 10.5 
Neo-mercazole 8 9.3 
9 13.7 
10 13.3 
Mean +s.d. | 11.7 +1.86 








The difference between these means is significant (= +2.8; P<0.05). 
(Details of test procedure given in Appendix 1 and illustrated in Figures 2 and 3.) 
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oral dose of 5 mg. of either Neo-mercazole or Mercazole, by a procedure 
which defined the first definite escape from antithyroid effect. The details 
of this method are given in Appendix I and illustrated in Figure 2. 

The results of this comparison are summarized in Table 2 and Figure 3. 
It will be seen that the escape from antithyroid action (i.e. achievement of 
over 3 per cent true thyroid uptake) after 5 mg. of Neo-mercazole began 
at 11.7 +s.d. 1.7 hours, and after 5 mg. of Mercazole at 8.6 +s.d. 1.5 hours, 
indicating that Neo-mercazole has a slightly greater antithyroid potency. 
Although the difference is not great and the separation not absolute, be- 
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Fia. 2. The return of I uptake after 5 mg. of Mercazole or of Neo-mercazole (derived 
from tests described in Appendix I and illustrated in Figure 3). 

The drug is given at 0 hour for all patients; each line represents 1 subject; dotted 
lines represent tests after Mercazole, and continuous lines those after Neo-mercazole. 
The I'* has been given at the time of the arrow which starts each line, and the line shows 
the true thyroid uptake recorded (percentage I"* dose). Note that all but one of the 
lines of the Neo-mercazole subjects pass the 3 per cent uptake level after ten hours, and 
all the lines of the Mercazole subjects pass before ten hours. 
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cause one case overlaps (Fig. 3), the important practical conclusion is that, 
weight for weight, the potencies are very nearly comparable and that 
Neo-mercazole is certainly not the less potent. A comparison of toxicity, 
weight for weight, should therefore help to determine which of the two 
drugs is clinically preferable, particularly if neo-Mercazole should prove 
to be the less toxic. 


3. TOXICITY OF MERCAZOLE COMPARED WITH THAT OF NEO-MERCAZOLE 


The most important requirement for a good antithyroid drug is relative 
freedom from toxicity, and concerning this aspect of these two drugs we 
have obtained some useful evidence. In our early trials of Mercazole, all 
new cases of thyrotoxicosis were treated with this drug, and it was sub- 
stituted for methylthiouracil in all cases already under treatment. We use 
a higher dosage than that recommended, wishing to be certain of its anti- 
thyroid efficacy, since our practice involves the concurrent administration 
of thyroxine (11). We were unfortunate enough to meet with a series of 


TABLE 3. COMPARISON OF TOXICITY OF MERCAZOLE WITH THAT OF NEO-MERCAZOLE 
IN HIGH DOSAGE 





























Daily Duration Incidence of toxic 
Drug dose (mg.) (wks.) reactions 
Mercazole 60 4 3 in 4 cases 
5-8 2 in 11* cases|_. 
9-12 1 in 5 cases 6 in 227 cases 
13-16 0 in 2 cases 
30 5-8 0 in 8 cases 
9-12 0 in 11 cases 
13-16 0 in 1 case 0 in 34 cases 
17-20 0 in 6 cases 
21+ 0 in 8 cases 
Neo-mercazole 60 4 1 in 10¢ cases) 
>1 in 41§ cases 
5-8 0 in 31 cases 
| 30 | 1-8 1 in 16 cases 








* Includes 1 case with a previous toxic reaction to thiouracil and subsequent reaction 
to Mercazole. 

t Eighteen without previous thiouracil and all without previous Neo-mercazole. 

¢ In this case there had been a previous toxic reaction to Mercazole. 

§ Twenty-four without previous Mercazole or thiouracil, and 28 without previous 
Mercazole. - 
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toxic reactions (Table 3), after which we reduced the routine scale of dos- 
age. When Neo-mercazole became available in quantity, we began to give 
it in the same dosage used in the initial Mercazole trial, encouraged by the 
published reports and by our own earlier experience of its relative non- 
toxicity. All patients, new and old, who required antithyroid drugs, were 
given Neo-mercazole or transferred to this therapy. Thus, in a short: time we 
had enough data to compare the toxicity of these two drugs in high dosage. 
Two patients who had previously shown intolerance to other antithyroid 
drugs are included in this table. One (S.K.) had suffered an urticarial rash 
during administration of methylthiouracil, and the rash persisted during 
six weeks of Mercazole therapy. In the other patient (J.S.) Mereazole had 
produced ‘severe skin and joint lesions, and later Neo-mercazole caused 
agranulocytosis without a recurrence of the former symptoms. 

As noted in Table 3, in these two unselected series of thyrotoxic patients 
who received 60 mg. per day of either drug for from four to twenty weeks, 
severe toxic reactions occurred in 6 out of 22 given Mercazole, whereas 
there was only 1 toxic reaction among the 41 given Neo-mercazole. Among 
those given 30 mg. per day of either drug there was only 1 toxic reaction, a 
very doubtful one, from Neo-mercazole (Table 3). 

The nature of the reactions (summarized in Table 4 and detailed in 
Appendix B) calls for some comments. Symptoms usually appeared within 
five weeks of starting either drug and subsided within one to two weeks 
after its withdrawal. They consisted of pyrexia; an irritating maculo- 
papular or urticarial rash, maximal on the face, eyelids, neck and upper 
trunk; and fleeting pain and swelling of the joints, simulating rheumatic 
fever. The blood counts were normal, the erythrocyte sedimentation rate 
sometimes raised (8 mm., 30 mm. and 40 mm. in one hour (Westergren) ), 








eee 


Fig. 3. Measurement of the return of I'*! uptake after antithyroid drugs. (Sample records 
after either Neo-mercazole or Mercazole.) 

The method is described in the appendix. The top row of dots shows the measured 
radioactivity found in the neck at approximately half-hourly measurements after the 
intravenous dose of radioiodine. From the urinary excretion is calculated the speed at 
which the body’s radioiodine is declining from this urinary loss. If the neck counts be 
changed merely due to this factor (7.e., if there were no thyroid uptake) they should 
then fall along the line “‘neck counts expected.” The deviation of the counts above 
this level therefore indicates true thyroid uptake, which is plotted separately below. 

Fia. 3a: shows little real uptake from the ninth through the twelfth hour, and then a 
beginning uptake which passes 3 per cent at fourteen hours. 

Fig. 3b: shows a slight uptake from the start at four Sone, which becomes definite 
(over 3 per cent) at six and a half hours. 
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and in only 1 case was there albuminuria. This patient (J. B.) had purpura, 
swelling of the joints, and severe abdominal pain accompanied by nephritis, 
possibly, but not certainly attributable to the drug. In the other patients 
the rash and accompanying pruritus were usually alleviated by antihista- 
minic drugs; and in 1 severe case the fever and joint pains responded 
promptly to salicylate therapy. In 2 patients it was possible to continue 
Mercazole in a daily dosage of 30 to 60 mg. for a further two months under 
the cover of antihistaminic drugs, without further complications. 


DISCUSSION 


Our experience, both with Mercazole and Neo-mercazole, confirms the 
observations of other authors (3-10, 13-20) that they are effective anti- 
thyroid agents in a daily dosage of between 15 and 30 mg. The results of 
our radioiodine studies, which agree with those of MacGregor and Miller 
(8) and of Lawson et al. (13), suggest that, although Neo-mercazole is 
slightly more potent than Mercazole at the same dosage level, the differ- 
ence is very slight. Both are more active than previously used drugs. How- 
ever, the choice of an antithyroid drug will depend on its toxicity at the 
therapeutic dose level. Analysis of published reports on Mercazole shows 
a 7 per cent incidence of toxic reactions (Table 4). From our own data it 
would seem that this incidence rises steeply when the dose is increased 
from 30 to 60 mg. per day, whereupon there seems to be a high incidence 
of joint involvement. A similar “allergic” arthritis from thiouracil and 
other antithyroid drugs has occasionally been seen by us and by others 
(21, 22) but less often than agranulocytosis. By contrast, Neo-mercazole 


TABLE 4. ANALYSIS OF TOXIC REACTIONS TO MERCAZOLE 
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30 mg. /day 
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literature 
(usually receiving | 14 2 0 2 3 1 0 1 3 1 1 71 0 26 in 354 cases 
under 30 mg./day) =7 .03% 












































* Probably an atypical form of Henoch-Schénlein purpura with severe renal involvement. 
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seems to be well tolerated at a dosage level of 60 mg. per day, which is 
about twice the dosage needed for the initial control of most cases of thyro- 
toxicosis. Until recently, there had been no instance of toxicity in the 143 
published cases given Neo-mercazole in doses up to 45 mg. per day (7, 9), 
and our only severe reaction (agranulocytosis) occurred in a patient already 
sensitized by an earlier reaction to Mercazole. However, Doniach (23) has 
kindly allowed us to add that more recently she has seen 2 toxic reactions 
in over 280 patients given Neo-mercazole; Bartels (10) has since reported 
3 toxic reactions in 52 patients given from 30 to 50 mg. per day; and 2 
other cases of agranulocytosis have been reported (24, 25). If subsequent 
experience confirms the apparent lesser toxicity of Neo-mercazole, the dif- 
ference may be due to a more specific concentration of this drug in the 
thyroid gland or to its substituted thiol group being less toxic to other tis- 
sues than the unsubstituted thiol group of Mercazole. Some Mercazole 
may be released by hydrolysis of Neo-mercazole in the body, but pre- 
sumably at a lower concentration than when the same weight of drug is 
administered as Mercazole. Our in vitro tests suggests that Neo-mercazole 
is effectively antithyroid without such hydrolysis, though the extent of its 
hydrolysis in the body is unknown. 

Experience with previous antithyroid drugs has shown that their toxicity 
can be accurately judged only after prolonged and extensive clinical trials. 
Although we have not compared Neo-mercazole with propylthiouracil, a 
comparison at twice the dosage level likely to be used suggests that Neo- 
mercazcle is probably less toxic than its analogue Mercazole and may there- 
fore prove to be more suitable for general clinical use. 


SUMMARY 


1. The antithyroid potencies of Mercazole and Neo-mercazole have been 
compared clinically in thyrotoxic patients and also by an in vitro test of 
antithyroid action. Their toxicities at high dosage levels have also been 
compared. 

2. Both Mercazole and Neo-mercazole were equally effective clinically 
as antithyroid drugs at an initial dosage level of 30 mg. per day and a 
maintenance dosage level of 15 mg. per day, when supplemented by 0.3 
mg. of /-thyroxine daily. 

3. At higher dosage levels (60 mg. per day) toxic reactions occurred in 
6 of 22 patients during Mercazole therapy, but in only 1 of 41 patients 
during Neo-mercazole therapy. The toxic effects of Mercazole were confined 
mainly to the skin and joints. 

4, Inhibition of the uptake of radioiodine by the thyroid gland in normal 
human subjects lasted slightly longer (11.7 +s.d. 1.9 hours) after 5 mg. of 
Neo-mercazole than after 5 mg. of Mercazole (8.6 +s.d. 1.5 hours). 
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5. The in vitro tests showed both drugs to be the most potent of the anti- 
thyroid agents tested and suggested that they may act by enzymic inhi- 
bition rather than merely by iodine removal. 

6. Neo-mercazole may prove to be safer and possibly more effective 
than Mercazole in the routine therapy of thyrotoxicosis. 


10. 


11. 


12. 


13. 


16. 
17. 
18. 
19. 


20. 
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APPENDIX I 


The radioiodine method used to assess the duration of antithyroid action 
following a single dose of Mercazole or Neo-mercazole 


These studies were made on 10 convalescent patients, all of whom were over 45 years 
of age. The procedure consisted of giving first the standard dose of 5 mg. of either drug 
and then, from three to ten hours later, an intravenous dose of radioiodine (I'*'). Fol- 
lowing this, regular neck and urine counts of radioactivity were made in order to deter- 
mine the beginning of thyroid uptake and thus of escape from antithyroid action. Ideally, 
the radioiodine should be given about two hours before the drug’s inhibition is due to wear 
-off, so that the transition may be conveniently measured during the test. Aiming at 
this ideal, the radioiodine was initially given at about nine hours after administration of 
the drug; but in some later tests it was given earlier, in order to ensure that for each 
drug group there were some subjects whose radioiodine measurements had started 
before the escape from antithyroid control. 

Thus, the night before the test the subject was given 5 mg. of either Mercazole or 
Neo-mercazole. The following morning, at times ranging between three and ten hours 
after administration of the drug (as shown in Figure 2), he was given an intravenous dose 
of radioiodine (100 ue.). Thereafter, neck counts of radioactivity were made at half- 
hourly intervals until a true thyroid uptake of over 3 per cent was recorded. Urinary ex- 
cretions were also measured up to half an hour, two hours, eight hours, twenty-four 
hours and forty-eight hours, this serving as a check that thyroid function was normal in 
the absence of antithyroid drugs. Thigh counts were made as a check that the extra- 
cellular fluid (ECF) radioiodine was declining at the rate calculated from other measure- 
ments (as described subsequently and illustrated in Figure 3). 

From the neck and urine measurements, true thyroid uptake was derived by the 
procedure illustrated by examples in Figure 3. First, from the neck measurements at 
three and thirty minutes and from the first thirty-minute urine sample were derived the 
renal clearance and the initial thyroid clearance (if any), expressed as a percentage of 
ECF LI” removed per half-hour—using the method of Berson (26) as described by Fraser 
and Coenegracht (27). The ECF I'*! is then assumed to be continuing to decline at at 
least the rate of the sum of these initial clearances and, applying this rate of decline to 
the initial neck count at thirty minutes, it is possible to derive the line of the minimal 
expected decline in neck count, due merely to such a continuing loss of ECF I'* (“neck 
counts expected”’ in Figure 3). Any excess of neck counts above this line of “expected 
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values” should therefore measure true thyroid uptake. In fact, such excesses, although 
slightly underestimating true thyroid uptake should be proportional to it, since this 
simplified calculation takes no account of the further decline in ECF I occasioned by 
any additional thyroid uptake. 

For example, Figure 3a shows: 1) at the top, the series of neck counts observed (‘‘neck 
counts’’) expressed as percentage of the administered dose; and then 2) drawn down from 
the thirty-minute neck count, the line of the minimal expected neck counts (‘‘neck counts 
expected”’) calculated from the initial clearances derived from the first half-hour meas- 
urements (normal renal clearance and no thyroid clearance found in this example); and 
3) below, the true thyroid uptake, derived from the excess of the observed neck counts 
above this “expected neck count” line. In this instance it will be seen that no true thy- 
roid uptake was recorded until twelve hours after administration of the drug, and there- 
after this uptake continued to rise, passing the 3 per cent level at fourteen hours. Figure 
3b shows the same values from another case; in this example some thyroid uptake is oc- 
curring from the time of the radioiodine dose, and passes the 3 per cent level at about six 
hours after administration of the drug. 
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Clinical details of toxic reactions to Mercazole and Neo-mercazole 





All patients, with 1 exception (Case 5), received I-thyroxine, 0.1 to 0.3 mg. per day, 
in addition to other drugs specified in the text. 







A. Toxic reactions to Mercazole 


Case 1 


T. T., male, aged 50. Five and a half weeks after starting Mercazole in a dosage of 60 
mg. per day, fleeting pains occurred in the knees, elbows, wrists, left shoulder, finger 
joints and left mandibular joints. There was no rash or sore throat. 

Examination. The temperature was 100° F. and there was generalized slight lympha- 
denopathy, including the epitrochlear glands. The spleen was barely palpable. The af- 
fected joints were tender and painful on movement. 

Investigations: The erythrocyte sedimentation rate was 20 mm. in one hour, rising to 
40 mm. after one week. W.B.C.: 13,000 (polys. 61 per cent; eos. 2 per cent; lymphs. 29 
per cent; monos. 6 per cent; Tiirk cells 2 per cent). The Paul-Bunnell reaction for hetero- 
phil antibodies was negative, as was the Wassermann reaction. The antistreptolysin 
titer was 400 units per ml. of serum. There was no albuminuria. 

Progress: Intermittent pyrexia (up to 100° F.) lasted for ten days, while the joint 
pains gradually subsided. There was no clear-cut response to antihistaminic drugs in 
high dosage. Later the patient was brought under control on methylthiouracil and on 
Neo-mercazole, 30 mg. per day for three months, with no recurrence of toxic symptoms. 
























Case 2 
S. K., female, aged 49. Four days after starting methylthiouracil in a dosage of 600 
mg. per day, severe erythema and urticaria developed, mainly on the face, neck and eye- 
lids. W.B.C.: 8,000 (polys. 74 per cent; eos. 1 per cent; lymphs. 16 per cent; monos. 9 
per cent). Therapy was changed immediately to Mercazole, 60 mg. per day, and Bena- 
dryl, 50 mg. every eight hours. The rash continued in milder form. Two weeks later, 
when Benadryl! was discontinued for one week, there was a prompt exacerbation and 
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spread of the macular erythema, which diminished two days after reinstitution of Bena- 
dryl therapy augmented by Phenergan, 25 mg. twice daily. Mild erythema and pruritis 
lasted for two more months while the patient was receiving Mercazole and antihistaminic 
drugs, but ceased within a few days of discontinuing therapy. 


Case 3 


P. B., female, aged 25. After four months of treatment with Mercazole, 60 mg. per 
day, there developed nausea, sore dry mouth with brown furred tongue, thickness of 
speech, a blotchy erythematous rash on the upper chest and neck, fleeting pains in the 
knees, ankles and hands, and aching of the eyes. Pyrexia (99.2° to 100° F.) lasted for 
three days. Symptoms subsided four days after stopping therapy. 

Investigations: W.B.C.: 3,600 (polys. 65 per cent; lymphs. 34 per cent; monos. 1 per 
cent). A throat culture showed no pathogens. There was no albuminuria. 


Case 4 


M. Y., female, aged 45. After one month of therapy with Mercazole, 30 mg. per day, 
the dosage was doubled. Ten days later, pains occurred in the wrists, ankles, left thigh 
and right index finger, and a generalized urticarial rash developed, which was maximal 
on the chest, back and thighs. W.B.C.: 10,000 (polys. 73 per cent; eos. 2 per cent; lymphs. 
23 per cents; monos. 2 per cent). There was no albuminuria. After two weeks of Phener- 
gan therapy, 25 mg. twice daily, symptoms subsided completely despite continuing 
Mercazole for ari additional six weeks. 


Case 5 


J. B., male, aged 55. This patient with longstanding bronchitis and emphysema was 
originally admitted in severe congestive heart failure (cor pulmonale). He was given 
Mercazole, 60 mg. per day, in preparation for elimination of thyroid function by means 
of radioiodine. Four weeks after starting Mercazole there suddenly occurred pain and 
swelling of both knees and a rash on both legs. Two days later anorexia, nausea, vomiting 
and severe generalized abdominal pain developed. The only other therapy had been 
digitalis and ephedrine. 

Examination: The temperature was 98.6° F. There was a florid punctate and macular 
purpura of both legs and feet, swelling and limited (painful) movement of the right wrist 
and left knee; and generalized abdominal tenderness. Gross emphysema was present, but 
there was no congestive heart failure. The blood pressure was 150/90. 

Investigations: There was slight albuminuria. The erythrocyte sedimentation rate 
was 8 mm. in one hour. Hemoglobin: 104 per cent. W.B.C.: 11,000 (polys. 82 per cent; 
lymphs. 8 per cent; monos. 10 per cent). Platelet count: 316,000. A capillary fragility 
test gave negative results. 3 

Course: Mercazole was discontinued at the time of onset of symptoms. The joint 
pains and purpura subsided during three weeks of cortisone therapy, but the albuminuria 
increased, with intermittent gross hematuria. Hypoalbuminemia (1.5 Gm. per 100 ml.) 
and gross generalized edema supervened, ending in sudden death, due probably to heart 
failure during early uremia (blood urea level six weeks after admission was 104 mg. per 
100 ml.). 

Autopsy findings: Generalised emphysema and chronic hecmebiitai no polyarteritis, 
The kidneys were enlarged and showed glomerulonephritis and extracapillary glomeru- 
litis; there were red cells and protein in the tubules, forming casts in places. 
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B. Toxic reaction to Mercazole, and later to Neo-Mercazole 
Case 6 


J. B., female, aged 31. 

(a) Mercazole. Four weeks after starting Mercazole, 60 mg. per day, an urticarial 
rash appeared, mainly on the neck and chest, followed by severe pains in the shoulders, 
left elbow, wrists and ankles. Mercazole was discontinued one day after the onset of 
symptoms. Examination: Pyrexia (100°-101° F.). The right knee and ankle were red, 
hot and swollen, with moderate-sized joint effusions. Erythema marginatum was pres- 
ent on the neck, chest and back. Investigations: The erythrocyte sedimentation rate 
was 30 mm. in one hour. W.B.C.: 7,200 (polys. 80 per cent; lymphs. 19 per cent; plasma 
cells 1 per cent). A throat swab culture showed no pathogens. The plasma protein con- 
centrations were: total 7.3 Gm., alb. 3.7 Gm., and glob. 3.6 Gm. per 100 ml. There was 
no albuminuria. Course: Joint pains and pyrexia subsided within two days of starting 
salicylates (full dosage), and did not recur when this treatment was discontinued five 
days later. Comment: This case was at first clinically indistinguishable from acute rheu- 
matic fever. 

(b) Neo-mercazole. Medication was changed to methylthiouracil, 150 mg. per day, 
after the Mercazole reaction. After two months a sore throat developed (W.B.C. 
18,000; polys. 79 per cent), and medication: was changed to Neo-mercazole, 60 mg. per 
day. Five weeks later agranulocytosis developed, with sore throat and fever (W.B.C. 
2,000; polys. 3 per cent). The white cell count returned to normal ten days after stopping 
Neo-mercazole, and the sore throat and pyrexia quickly subsided with Aureomycin 
therapy. 


C. Toxic reaction to Neo-mercazole 


Case 7 


A. R., female, aged 40. Two weeks after starting Neo-mercazole, 30 mg. per day, 
a mild papular pruritic rash appeared on the forearms only, which lasted for a few days. 
Neo-mercazole therapy was continued for one month in a dosage of 30 mg. per day and 
then for six weeks in a dosage of 60 mg. per day, without toxic reaction. After a further 
month, on 5 mg. three times daily, skin lesions recurred on the forearms, lasting for two 
weeks, and subsiding with continued Neo-mercazole therapy. There were no joint pains, 
fever-or albuminuria. 























ACROMEGALY AND PREGNANCY 
CASE REPORT 


RITA 8. FINKLER, M.D.* 
Newark, N. J. 


HE thirty-fourth report of a case of acromegaly and pregnancy was 

recently published by Abelove, Rupp and Paschkis (1). Since this 
condition is so rare, I should like to add another case, observed and treated 
by me for the past eleven years. 


CASE REPORT 


S.A., a white female, aged 32, married six and a half years, presented 
herself in November 1943 with complaints of bitemporal headaches, 
fatigability, gradually increasing hirsutism of the trunk and extremities, 
enlarging hands and feet, menstrual delays lasting from two to three 
months and sterility since marriage. 


Physical examination. Height 63 inches; weight 135 pounds; blood-pressure 140/90. 
The features were acromegalic; there was thickening and edema of facial tissues, mod- 
erate prognathism, broadening of the nose, prominent frontal bosses and enlargement 
of the hands and feet. There was also moderate hypertrichosis of the chest and extremi- 
ties. The breast development was below par and there was hypertrichosis of the nipple 
areolae. Pelvic examination revealed a hypoplastic uterus and moderate cervicitis; there 
were no palpable abnormalities of the adnexae. 

The ocular fundi were normal, but the visual field examination revealed bilateral 
scotomata. X-ray films of the skull and extremities showed ballooning of the sella turcica, 
moderate decalcification of the dorsum sellae and tufting of the terminal phalanges. 
The basal metabolic rate was +18 per cent, and the blood picture and glucose tolerance 
curve were normal. 

A diagnosis of eosinophilic pituitary adenoma was made and radiation therapy was 
started on December 20, 1943. A total of 2,250 r (air dose) was administéred in divided 
doses. Since headaches and amenorrhea did not improve, a second series of radiation 
treatment was administered from February 19 to April 10, 1944, making a total of 4,544 
r (air dose). The headaches improved, but the menstrual periods still occurred at two- 
month intervals. 

Estrogen therapy was then given in the form of Progynon-B (6,000 R.v. by injection) 
alternating with Estinyl (0.1 mg. orally, twice daily). This therapy was continued with 
intervals of rest and was satisfactory as far as the headaches were concerned; the men- 
strual cycles also became fairly regular. 

Periodic examinations of the ocular fundi and visual field showed little change until 
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November 1946 (three years following radiation therapy), when marked improvement 
was noted. (The visual fields did not become completely normal, however, until January 


1950, six years after pituitary irradiation.) 
Periodic radiologic studies showed a gradual improvement in the previously reported 
decalcification; and although the sella turcica remained enlarged, no further decalcifica- 


tion was noted in the dorsum sellae. 


The patient conceived in December 1946, three years following radiation 
therapy. Shortly after the diagnosis of pregnancy was made, she experi- 
enced severe abdominal pains requiring admission to the hospital and 
surgery. At operation the left ovary was found to be greatly enlarged to the 
size of a grapefruit. A left salpingo-oophorectomy was performed. The 
pathologist reported follicle cysts of the ovary and a corpus luteum. 

On September 4, 1947, the patient was delivered at full term of a normal 
male child. 

She was again admitted to the hospital on January 13, 1949, because of 
pelvic pain and discomfort. Operation at that time revealed a twisted right 
parovarian cyst, the size of a tennis ball; the right ovary was enlarged to 
about three times its normal size and contained a hemorrhagic cyst, a 
corpus luteum cyst and follicle cysts. The parovarian cyst was excised and 
the right ovary was resected. She was subsequently operated on for piloni- 
dal cyst and hemorrhoids. 

The patient is now 43 years old and has normal menstrual periods. The 
unusual features in this case are: 1) conception and full-term delivery of a 
normal child in a woman with an inherent tendency to cystic degeneration 
of the ovaries, 2) the sudden development and rapid growth of ovarian 
cysts, and 3) the possible relationship of the acromegaly to the cystic de- 
generation of the ovaries. 


REFERENCE 


1. ABELove, W. A.; Rupp, J. J., and Pascuxis, K. E.: Acromegaly and pregnancy, 
J. Clin. Endocrinol. & Metab. 14: 32 (Jan.) 1954. 
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AMENORRHEA DUE TO POLYCYSTIC OVARIES 
(STEIN-LEVENTHAL SYNDROME) 


MENORRHEA and oligomenorrhea are symptoms which may be 
due to a great variety of causes. Although amenorrhea per se is not 
harmful, the initial disease process producing the symptom may be. It is 
therefore of the utmost importance to make a correct etiologic diagnosis 
before treating the patient symptomatically. 

The most common causes of amenorrhea and oligomenorrhea are a) 
psychosomatic disturbances (1), b) changes of climate, c) nutritional de- 
ficiencies (2), and d) certain variations of normal physiologic states: preg- 
nancy and the puerperium with associated complications, and premature 
menopause. These patients can usually be adequately treated with a large 
amount of reassurance and regulation of their general hygiene. 

Other less common causes of amenorrhea may require more therapy. 
The association of amenorrhea with a chronic disease process has been long 
recognized. As most of these associated diseases offer a serious prognosis, 
it is of utmost importance to recognize their role as an etiologic factor of 
the amenorrhea, in order to institute proper therapy. The chronic diseases 
most commonly associated with amenorrhea in our experience are tuber- 
culosis, nephritis, lupus erythematosus, rheumatic fever and disturbances 
of liver function. Occasionally the tuberculous process may be localized to 
the pelvis, rendering diagnosis more difficult. 

When endocrine and metabolic diseases are associated with amenorrhea, 
the symptoms of the underlying disease usually predominate, making the 
diagnosis relatively easy. Such conditions are pituitary dysfunction or 
tumor (3), hyper- or hypothyroidism (4), adrenal dysfunction or tumor 
(5) and, less commonly, diabetes mellitus. 

Local factors causing amenorrhea must not be overlooked, even though 
they are relatively rare; namely, complete stenosis of the cervix, or stenosis 
and sclerosis of the cervix and uterine cavity, as described by Asherman. 
This occurs most commonly after a dilatation and curettage for completion 
of abortion or removal of retained secundae, but may follow a simple dila- 
tation and curettage on rare occasions. 

The problem of primary amenorrhea must be considered separately, as 
in these patients congenital defects may be the etiologic factor. Such de- 
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fects are ovarian agenesis, Turner’s syndrome (6), absence of the uterus 
and vagina, or an imperforate hymen which may cause pseudoamenorrhea. 

One of the most interesting problems in differential diagnosis is pre- 
sented by those women who show some degree of virilism. In this group, 
Cushing’s disease or related conditions, adrenal tumor, arrhenoblastoma or 
adrenal-rest tumor of the ovary, adrenal dysfunction related to adrenal 
hyperplasia, and the Stein-Leventhal syndrome must be considered. The 
correct diagnosis is important, as each condition can and should be treated. 
Furthermore, each is treated differently. 

It has been almost twenty years since Stein and Leventhal (7, a, e) first 
reported the association of amenorrhea and polycystic ovaries, although it 
had long been recognized that uterine bleeding from endometrial hyper- 
plasia is not uncommonly associated with this lesion. Stein has periodically 
reported further observations on these original patients and added more 
patients to his series. Isolated cases and groups of cases have been reported 
by others and the syndrome is now being recognized more frequently. As 
the physician’s index of suspicion inereases, it seems likely that more pa- 
tients with this syndrome will be discovered. 

The following cases illustrate the difficulties that may be encountered 
in making the diagnosis, and the variations in the clinical picture. 





Fig. 1. Patient M. L. (JHH #544409), showing “side-burn”’ 
type of facial hirsutism. 














October, 1954 AMENORRHEA DUE TO POLYCYSTIC OVARIES 1249 


CASE REPORTS 


Case 1, M. L. (JHH #544409), a 31-year-old, unmarried bookkeeper complained of 
hirsutism, obesity and irregular periods when seen in the Private Out Patient Service 
in July, 1950. 

Family history revealed obesity on both sides of her family, diabetes in one aunt and 
mild hirsutism in a sister. 

Past history revealed normal birth and development. She underwent a tonsillectomy 
and adenoidectomy at the age of 5, and a nasal polypectomy at the age of 12. Menarche 
occurred when she was 11 years old and her menstrual periods were never regular, al- 
ways being one to two weeks late with some mild pain during the first few days of the 
flow. The menstrual periods became progressively more irregular and for the preceding 
five years she had had amenorrhea lasting as long as three months. She had never been 
pregnant. 

At the age of 12, she first noticed coarse hair on her arms and legs, and at the age of 
26 hair was first noted on her face, chest, abdomen and back. Although husky in college, 
she was not obese, weighing 125 pounds at the age of 21. She had slowly gained weight 
until she weighed 150 pounds at the age of 26. During the five years preceding admission 





Fic. 2. Patient M. L. (JHH #544409), showing obesity, normal breast de- 
velopment and rather marked hirsutism of the extremities. 
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she had gained 50 pounds. She had become progressively more embarrassed by the obes- 
ity and hirsutism. 

Physical examination: Oral temperature, 98.6° F.; pulse 80, regular; respirations 18; 
blood pressure, 135/80; height, 64 inches; weight, 200 pounds. The obesity was general: y 
distributed. There was marked hirsutism of the face (“‘side-burn” type—Fig. 1), upper 
lip, chin, breasts, chest, abdomen, arms and legs. The breasts were large and pendulous 
(Fig. 2). On pelvic examination the external genitalia were those of a normal female. 
There was no enlargement of the clitoris. The uterus was in retroposition and of normal 
size. Neither ovary could be felt due to the obesity and heavy musculature. There was a 
marked trichomonas vaginitis, rendering the vaginal smear unsatisfactory. The re- 
mainder of the physical examination revealed no abnormalities. 

Laboratory data: Urine—specific gravity 1.015, no sugar or albumin and no formed 
elements in the catheterized specimen. Blood morphology—hematocrit 42.6 Gm. per 
100 ml., sedimentation rate 23 mm. in one hour (corrected), WBC 6,300, and normal 
differential with a count of 66 eosinophils per cu. mm. Serologic reaction for syphilis 
negative. Blood chemical values—sugar 96 mgzg./100 ml. (glucose tolerance curve 
normal), cholesterol 345, nonprotein nitrogen 33, calcium 10.6, and phosphorus 2.5 
mg./100 ml.; chlorides 103 mEq./L., and total serum protein 7.0 Gm./100 ml., with a 
normal A/G ratio. Basal metabolic rates were +5 and —4 per cent. Urinary 17-ketoste- 
roid excretion was 12.5 mg. per twenty-four hours. X-ray examination of the sella turcica 
and an intravenous pyelogram showed nothing abnormal. 

Course in hospital. The patient was then admitted to the hospital on the Gynecological 
Service for further studies. A culdoscopy was attempted on July 29 but the fixed retro- 
position of the uterus made it impossible to balloon and enter the cul-de-sac. A dilatation 
and curettage on the same day showed a nonsecretory, interval-type endometrium. On 
July 31 an attempt was made to visualize the ovaries by pneumoperitoneum, but this 
was technically unsatisfactory due to the obesity of the patient. After thorough explana- 
tion of the difficulties which had been encountered in the study of her problem, the pa- 
tient desired an exploratory laparotomy. 

At operation, both ovaries were found to be enlarged, the right being twice normal 
size and studded with small cysts. Both ovaries had thickened white capsules. A wedge 
shaped area, including about 50 per cent of the ovarian tissue, was removed from each 
ovary and both ovaries were closed with continuous sutures. The postoperative course 
was uneventful and the patient was discharged on August 21. 

The pathologist reported thickened tunica albuginea of both ovaries with multiple 
cysts lined with a thin layer of granulosa and a very thick layer of theca interna cells 
which showed marked luteinization (Fig. 3, a and b). 

Subsequent course. The patient wrote from Florida three years later to state that she 
had had regular periods since the operation. These were ovulatory in character, as 
judged by the basal temperature chart (Fig. 4). She had never felt better and had con- 
tinued to lose weight on a 1,000-calorie, 70-gram protein diet. There had been no regres- 
sion in hair growth, but the condition seemed to be stationary. 
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Fig. 3. a. Low-power photomicrograph of ovarian biopsy specimen, showing large 
follicular cysts and thickened tunica. b. High-power photomicrograph of tunica, showing 
fibrosis but maintenance of normal primordial follicles along the inner border. The epi- 
thelial lining of the follicular cyst is flattened and there is luteinizatioh of cells surround- 


ing it. 
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In making a differential diagnosis, Cushing’s disease or a related process could be ex- 
cluded by the absence of hypertension, osteoporosis and polycythemia, as well as by the 
finding of a normal glucose tolerance curve. An adrenal tumor was excluded by the fact 
that the 17-ketosteroid excretion was not elevated, as well as by the normal appearance 
of the intravenous pyelogram. The normal 17-ketosteroid excretion also indicated that 
there was no adrenal dysfunction related to congenital adrenal hyperplasia. 

Thus an ovarian disturbance seemed most likely and, because of the duration of the 
symptoms and the obesity, the Stein-Leventhal syndrome was favored over an ovarian 
tumor. The normal 17-ketosteroid value also favored this diagnosis, although arrheno- 
blastomas may occur without elevated 17-ketosteroid excretion. In fact, elevated 17- 
ketosteroid excretion with arrhenoblastoma has been reported only once (8, 9). In spite 
of the failure of the diagnostic procedures which usually demonstrate polycystic ovaries, 
e.g., pelvic examination, gynecography and culdoscopy, this diagnosis seemed probable 
enough to justify exploratory laparotomy. 

Summary: In a 30-year-old single, obese, hirsute woman with amenorrhea, the diag- 
nosis of polycystic ovaries was made only after exploratory laparotomy. She has had 
regular menses for three years since bilateral wedge resection of the ovaries. Hirsutism 
has not diminished. 

“Case 2, M. T. (JHH #564320), a 30-year old, colored housewife was admitted to the 
hospital on March 7, 1951, from the Gynecology Clinic because of amenorrhea, sterility, 
and bilaterally enlarged ovaries on pelvic examination. 

Family history: Noncontributory. 

Past history: Her general health had always been good. She had arthralgia at the age 
of 18, but no joint swelling. The menarche occurred at 18, but her menses were never 
regular, and she had mild pain during the first few days. She married when she was 22 
and had never become pregnant. The periods of amenorrhea gradually increased in 
length until at the time of admission they were six months in duration. The last men- 
strual period was in December, 1950, and the previous menstrual period was in July, 
1950. At the age of 23 she had first noticed hirsutism of her cheeks, upper lip, legs, abdo- 
men and breasts. Breast development was normal. She had occasionally noticed mild 
right lower-quadrant discomfort for many years. There had been no change in weight. 

Physical examination: Oral temperature, 98.6° F.; pulse 76, regular; respirations 18; 
blood pressure 120/60; height, 633 inches; weight, 134 pounds. The patient was well 
developed and normally proportioned but not obese. There was definite hirsutism of the 
face (Fig. 5), abdomen, breasts and legs but this was not excessive. The breasts were 
small but well developed (Fig. 6). The clitoris was slightly enlarged, but otherwise the 
external senitalia were norma]. The ovaries were both enlarged to about three times 
normal size on pelvic examination. No masses were felt on abdominal examination, but 
there was slight right lower-quadrant tenderness without muscle spasm. The remainder 
of the physical examination showed nothing abnormal. 

Laboratory data: Urine (catherized)—specific gravity 1.010, acid, no sugar or albumin 
and no formed elements. Blood morphology—hemoglobin 13 Gm./100 ml., white count 
7,200. A serologic test for syphilis gave negative findings. Blood chemical values—sugar 
84, nonprotein nitrogen 30 and cholesterol 298 mg./100 ml.; glucose tolerance curve 
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Fig. 4. Basal temperature chart of four menses starting immediately after the wedge 
resection operation. Each curve is biphasic in type, indicating that ovulation has prob- 
ably occurred. 
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Fig. 5. Patient M. T. (JHH #564320), showing facial hirsutism. 


normal. Basal metabolic rate, —1 per cent. An intravenous pyelogram and a hysterosal- 
pingogram were normal. Urinary 17-ketosteroid excretion was 11.2 mg. per twenty-four 
hours. 

Course in hospital: On March 18, during a dilatation and curettage, only a smal] 
amount of endometrial tissue was obtained; this showed interval, nonsecretory endo- 
metrium. On March 16, laparotomy revealed bilaterally enlarged ovaries at least three 
times normal size. A bilateral wedge resection was performed, removing at least half 
of each ovary. The ovaries were then sutured with catgut. The microscopic study 
showed polycystic ovaries, similar in all respects to the ovaries of Patient M. L. (Case 1). 
The postoperative course was uneventful and the patient was discharged on March 26. 

Subsequent course: Regular menstrual periods began in June, 1951 and the patient 
became pregnant in September 1951. She delivered a normal boy in June 1952 and nursed 
the infant for six months. She had no menstrual periods post partum and used no con- 
traceptives, believing that she could not become pregnant while lactating. On January 
8, 1953, she had a miscarriage, following which she was amenorrheic again until July 
1953. Since then her periods have been regular. Further pregnancies have not been at- 
tempted. She has noticed no change in the hirsutism. 

Summary: A 30-year-old, married colored housewife with amenorrhea, sterility and 
mild hirsutisny was found on pelvic examination to have bilaterally enlarged ovaries. A 
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Fig. 6. Patient M. T. (JHH #564320), showing normal female body con- 
figuration and breast development, with male escutcheon. 


bilateral wedge resection of these polycystic ovaries resulted in resumption of regular 
menses and a normal pregnancy. 


DIAGNOSIS 


The demonstration of bilaterally enlarged ovaries is sine qua non in the 
diagnosis of the Stein-Leventhal syndrome. In only a small percentage of 
cases, however, may this enlargement be revealed by pelvic examination, 
because most of the patients are obese. If a bimanual pelvic examination is 
unsatisfactory or if the examiner is not sure of the findings, gynecography 
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or culdoscopy is usually satisfactory for visualizing enlargement of the 
ovaries. Occasionally it is necessary to perform an exploratory laparotomy. 

The characteristic symptom is irregular menstrual function, and amenor- 
rhea is by far the most common disturbance encountered. In a few patients 
amenorrhea is primary, but in the vast majority of patients the menarche 
occurs at the normal time or it is only slightly delayed. The menstrual 
periods may at first be regular, but gradually become more irregular, asso- 
ciated with progressively longer periods of amenorrhea. The periods of 
amenorrhea usually last for months, but may last for years. The other type 
of menstrual disturbance encountered with polycystic ovaries is meno- 
metrorrhagia or metropathia hemorrhagica. Since ovulation rarely occurs, 
sterility is almost the rule. 

Hirsutism is the other symptom which helps to establish the diagnosis. 
It most commonly involves the face, breast, and abdomen, although the 
arms and legs may also be hirsute. Occasionally hirsutism is severe enough 
to be the presenting symptom, but it may be so minimal that it is detected 
only by a careful examination. 

A small proportion of the patients have enlargement of the clitoris, and 
a still smaller proportion have underdeveloped breasts. Obesity is present 
in most of the patients and is excessive in 50 per cent. 

Intermittent lower abdominal pain of a dull, aching type occurs in some 
cases and is occasionally the presenting symptom; it may be unilateral or 
bilateral and is not related to menstrual bleeding. Similar pain may also 
occur at the time of bleeding but the ovulatory type of dysmenorrhea 
symptom-complex is lacking. 

In this syndrome, the 17-ketosteroid excretion is usually normal (6-18 
mg. in twenty-four hours). If the excretion is definitely elevated, every 
effort should be made to a2termine adrenal size by means of intravenous 
pyelogram, laminogram, aortogram or presacral air injection. Perirenal air 
insufflation should be avoided, because of the danger of air embolism. 

After the 17-ketosteroid excretion has been properly determined, direct 
visualization of the ovaries by culdoscopy, or indirect visualization by one 
of the techniques of gynecography, should be attempted. Only after all 
other methods have failed to establish a diagnosis should exploratory lapa- 
rotomy be suggested to the patient (as in Case 1, M. L.). 


TREATMENT 


A bilateral wedge resection of the ovaries is the most satisfactory method 
of treatment for the Stein-Leventhal syndrome at the present time. Enough 
of each ovary is removed to restore the organ to nearly normal size; thus, 
at least 50 per cent and as much as 75 per cent of the ovarian tissue is re- 
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moved. The apex of the wedge should be at the hilus. Any remaining cysts 
are punctured and the cut edges are sutured with the finest catgut. 

With bilateral wedge resection, 90 per cent of the patients are reported 
to resume normal menstrual function and 65 per cent of the sterile patients 
may become pregnant (7, a, e). The latter figure might be even higher if 
corrected for other causes of sterility in individual patients. Recurrence of 
the polycystic changes has been observed, but is very uncommon. 

It is interesting that Bailey in England (10), who recommended extro- 
version of the ovaries after wedge resection, had comparably good results 
in establishing normal menses. This procedure, called ‘‘turning the ovaries 
inside out,” did not result in as high a percentage of pregnancies, however. 
As suggested by Andrews (11), adhesions between the exposed surfaces of 
the ovaries and the peritoneum may interfere with transport of the ovum. 

The hirsutism is generally not affected, although in a few instances it 
was thought that the rate of hair growth decreased. 

“In some of the patients who do not respond to the operation with normal 
menstrual cycles, and in whom the 17-ketosteroid excretion is still elevated 
(above 15 mg. per twenty-four hours), oral administration of 25 mg. of 
cortisone twice a day has resulted in regular ovulatory cycles, suppression 
of 17-ketosteroid excretion, minimal regression of the hirsutism (12, 13), 
and pregnancy. 

Thyroid, estrogens and chorionic gonadotropin have been used by vari- 
ous investigators, without success. 


DISCUSSION 


The cause of the Stein-Leventhal syndrome is unknown. The ovary is 
the only organ known to be involved, and is bilaterally enlarged to as much 
as four times its normal size. The capsule is thickened and fibrotic and there 
is no evidence of inflammation. On section, there are numerous follicular 
cysts of all sizes. Microscopically, the granulosa layer is usually scanty, 
with abundant theca interna cells, which frequently appear to be luteinized. 
There is seldom evidence of ovulation or corpus luteum formation. 

Pituitary dysfunction has been considered the probable cause by some 
investigators. Ingersoll and McDermott (14) have found normal urinary 
follicle stimulating hormone (FSH) excretion in 12 women, and this has 
been our experience in the patients we have tested. Interstitial-cell stimu- 
lating hormone (ICSH or LH) is difficult to essay and there is no agreement 
as to the amount of its urinary excretion in patients with the Stein-Leven- 
thal syndrome. 

Other investigators have thought that adrenal hyperfunction is the pri- 
mary disorder. In some patients urinary 17-ketosteroid excretion is in- 
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creased, but the excretion decreases after wedge resection of the ovaries 
(13). The fact that cortisone has been found to suppress 17-ketosteroid 
excretion in some of these patients has tended to incriminate the adrenal 
cortex. Cortisone could conceivably suppress elaboration of 17-ketosteroids 
by the ovary, too. 

Shippel (15) believes that polycystic ovaries are producing either a pro- 
gesterogen or an androgen. Although no abnormal hormone has yet been 
isalated from the urine of these patients, pregnanediol excretion has been 
found greatly elevated in a typical case (16). The level fell abruptly after 
operation. Unfortunately, colorimetric and not gravimetric methods of 
assay were used and it seems probable that some closely related sterol, not 
pregnanediol, was being excreted. Since corpora lutea are so seldom formed 
in these ovaries, it is unlikely that pregnanediol, of which progesterone is 
the precursor, would be present in the urine. 

The success of treatment by bilateral wedge resection suggests that the 
primary defect is in the ovary. Theoretically at least, bilateral symmetrical 
enlargement of the ovaries would seem to indicate that an extraovarian 
stimulus is primarily responsible; but no such stimulus has yet been dem- 
onstrated. 

Early in our experience with this syndrome at The Johns Hopkins Hos- 
pital, a patient was treated by removal of one ovary, the other being left 
intact. The course of her disease was not altered. Another woman was 


treated by wedge resection of one ovary, the other being left intact. The 
result was excellent and this patient has.since had two normal pregnancies. 


SUMMARY 


1. Polycystic ovaries may cause amenorrhea with resulting sterility. 
Associated signs are hirsutism (usually), obesity (often) and enlargement 
of the clitoris (occasionally). 
2. Bilateral wedge resection of these ovaries results in resumption of 
normal menses in 90 per cent of such patients. Pregnancy follows in at 
least 65 per cent of the sterile patients. 
3. Operation has little, if any, effect on the hirsutism, obesity and clitoral 
enlargement. 
4. The etiology of the syndrome and the mechanism of the response to 
surgery are unknown. The disease appears to be primarily ovarian. 
Harry F. Kiinererer, Jr., M.D. 
G. E. Srecar Jongs, M.D. 

Depts. of Medicine and Gynecology, 

Johns Hopkins Hospital and University, 

Baltimore, Md. 
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THE PITUITARY-THYROID RELATIONSHIP IN 
GRAVES’ DISEASE 


HE similarity between the changes produced in laboratory animals 

by treatment with pituitary thyrotropin and those observed in Graves’ 
disease has suggested that the disease may be of pituitary origin. The 
experimental effects include hyperplasia of the thyroid, increases in serum 
hormonal iodine and in oxygen consumption, loss of weight, exophthalmos 
and the characteristic changes found in the muscles of thyrotoxic patients. 
No lymphocyte infiltration was observed in the thyroids during the one 
experiment in which prolonged thyrotropic stimulation without anti- 
hormone formation was possible, nor was there any evidence of nodularity 
in these overstimulated glands (1). 

A serious objection to the concept that an excess of thyrotropin could be 
responsible for Graves’ disease has been the inability of many observers 
to demonstrate thyrotropic hormone in the body fluids of patients (2). 
Only recently were any positive assays obtained and these only irregularly 
(3). Titers in excess of normal, however; were found in the urines of 2 hyper- 
thyroid patients treated with iodides (4). 

The demonstration that thyrotropin was inactivated by tissue explants 
of rabbit thyroid, thymus and lymph node led to a revival of the concept 
that Graves’ disease is due to an excess of thyrotropin. The fact that a 
hormonal excess was not demonstrable on assay was explained as the result 
of the hormone becoming inactivated in the course of exerting its action 
(5). This was considered also to be consistent with the finding of high titers 
of thyrotropin in athyreotic patients (6). 

Iodides added to the medium with the explants prevented the inactiva- 
tion of the hormone and strong reducing agents (such as the antithyroid 
compounds) in vitro reactivated the inactivated hormone (7). These find- 
ings suggested that an oxidative or dehydrogenating enzyme system could 
be responsible for in vivo inactivation of thyrotropin. Gonadotropin in the 
pituitary extracts was not inactivated by the tissue explant systems 
studied. 

Histologically, the cellular morphology of the pituitary in Graves’ 
disease has been considered by Wegelin to be consistent with an excess of 
thyroxine but not of thyrotropin (8). Astwood has pointed out that the 
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marked swelling of the thyroid which sometimes follows the use of the 
antithyroid drugs in hyperthyroidism seldom occurs until the metabolic 
rate has been brought to normal or, more usually, to hypothyroid levels 
(9). This suggested to him that the reappearance of thyrotropin secretion 
in the circulation might account for the enlargement of the thyroid. 

In this regard, the appearance of thyrotropin in the urine after iodide 
therapy of Graves’ disease also is explainable by a renewal of the secretion 
of thyrotropin by the pituitary as the hyperthyroidism comes under con- 
trol, and hence the pituitary suppression is decreased. 

Recently, Werner, Hamilton and Nemeth subjected the concept of a 
pituitary origin of Graves’ disease to a series of physiologic tests (10). If 
the disorder be caused by a large excess of thyrotropin, the administration 
of small amounts of exogenous thyrotropin should be diluted out (dilution 
effect) and hence be ineffective. Actually, a brisk rise in the serum precipita- 
ble iodine level followed the injections. Conversely, the addition of exog- 
enous thyroid in large amounts might be expected to suppress the pitui- 
tary and hence the thyroid. No decrease in the uptake of I'*! by the thyroid 
resulted, although such a decline in uptake was induced after the hyper- 
thyroidism was relieved. Morgans, Oldham and Trotter, using pure 
l-thyroxine in somewhat smaller thyroxine-equivalent doses obtained 
similar results (11). 

Two objections were raised to these experiments. The doses of thyroid 
used were held to be inadequate for suppression of the pituitary, and 
thyroid was considered to be a relatively crude substance. However, these 
objections have been answered by experiments with pure [-triiodothyronine 
administered in a dosage of 2 mg. daily for one week (12). This dosage is 
the equivalent of about 8-10 mg. of [-thyroxine daily or of about 2.0-3.4 
Gm. of thyroid (U.S.P.) daily. Despite an alarming exacerbation in the in- 
tensity of the hyperthyroidism, there was no decrease in the thyroidal 
uptake of I'*!, In contrast, the uptakes in nontoxic diffuse goiter and in con- 
trol euthyroid subjects were sharply reduced by as little as 0.07 mg. of 
triiodothyronine daily. 

Further support for the concept that hyperpituitarism is not present in 
Graves’ disease comes from experiments with sodium iodide (13). Although 
the disease was well controlled by iodide therapy and serum precipitable- 
iodine levels were sharply reduced, the injection of small doses of thyro- 
tropin caused an abrupt renewal of secretory activity by the gland and 
another rise in the serum precipitable-iodine level. 

These results suggest that Graves’ disease is not mediated through an 
excess of thyrotropin released by the anterior pituitary. Rather, the normal 
reciprocal relation between the pituitary and the thyroid appears to be 
disrupted, with the thyroid assuming functional autonomy. Whether 
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Graves’ disease is primarily a thyroid disorder, or whether it is produced 
by an unidentified (14) tropic hormone or by some as yet unsuspected 
mechanism, remains to be determined. 


SripNneEY C. WerNeER, M.D. 


Presbyterian Hospital, 
New York 32, N. Y. 
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Letters to the Editor 


A NOTE OF CAUTION ON THE LACK OF SPECIFIC- 
ITY OF THE PORTER-SILBER REACTION FOR 
17,21-DIHYDROXY-20-KETOSTEROIDS 


To THE Epiror: 

As a specific example of the dangers involved in applying the Porter- 
Silber reaction directly to crude butanol extracts of urine for the measure- 
ment of adrenal corticosteroids, we present Figures 1 and 2. Urinary Porter- 
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Fia. 1. Effect of corticotropin and potassium iodide on the urinary excretion of Porter- 
Silber chromogen (PSC) in a 58-year-old male with Addison’s disease. The total height 
of the clear area above the baseline represents the PSC value, using solid carbonate as a 
wash. . 
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Silber chromogen was measured both by the original technique of Reddy, 
Jenkins and Thorn (1) for the determination of urinary “17-hydroxycorti- 
coids,’’ and by a recent modification (2). 

The patient selected for this study was a 58-year-old man with Addison’s 
disease. During a control period, no urinary Porter-Silber chromogen was 
detectable by the foregoing method. Figure 1 demonstrates that the in- 
travenous infusion of 25 units of corticotropin over an eight-hour period 
for two successive days produced no detectable urinary Porter-Silber 
chromogen. However, the administration of 1 gram of potassium iodide 
orally in a single dose resulted in a prompt rise in urinary Porter-Silber 
chromogen excretion, which diminished gradually over a period of three 
days. The use of solid sodium carbonate to remove “interfering chromo- 
gens” from the butanol extracts of urine gave consistently higher values 
for Porter-Silber chromogen than did an aqueous alkali wash. Urinary 
iodide measurements ran parallel with these results. 

Figure 2 illustrates the remarkable similarity of the absorption spectra 
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Fig. 2. Comparative absorption spectra of the colored reaction products produced by 
phenylhydrazine-sulfuric acid with hydrocortisone, potassium iodide, and iodine. Op- 
tical densities are corrected. 
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of the colored reaction products produced by the phenylhydrazine-sulfuric 
acid reagent with hydrocortisone, with potassium iodide, and with iodine, 
as measured on a Beckman model DU quartz spectrophotometer. These 
measurements were corrected for the color produced by sulfuric acid alone 
with the test substances, as recommended by Porter and Silber (3). 

Similar false high ‘‘corticoid”’ values have been observed by us, using the 
described method, after the administration of chloral hydrate or paralde- 
hyde to various types of patients. 

The clinical application of the Porter-Silber reaction to crude butanol 
urinary extracts, for the assessment of urinary corticoid excretion in re- 
sponse to the administration of either corticotropin or adrenocortical ster- 
oids, may be-valid under carefully controlled conditions (1). However, the 
limitations of such a procedure should be kept in mind constantly when 
undertaking a quantitative study of spontaneous alterations in adrenocorti- 
cal activity in various disease states. 

Leon J. Marks, M.D. 
JEHAUDAH H. Lerrin, B.A. 
Research Laboratory, 
Boston Veterans Administration Hospital, 
Boston, Massachusetts 
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EMPIRICAL FORMULAE FOR THE ESTIMATION 
OF THYROID WEIGHT 


To THE EpITor: 


In a recent publication, Kelly (1) reported on a series of studies formu- 
lated to check the accuracy and to test the assumptions made in developing 
an empirical equation proposed (2, 3) for the estimation of the weight of 
the thyroid gland. The empirical equation (2, 3) is as follows: 


Weight of the gland = Average height of the two lobes in cm. X frontal 
surface area (as measured from the scintigram) 
in cm.?XK, in which K=0.32 


The author concludes from an extensive analysis of the data that, ‘‘The 
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assumptions upon which a certain empirical equation are based have been 
tested and found not to be valid.” It can readily be shown that the data 
presented prove quite the opposite and that the proposed empirical equa- 
tion is valid in determining the approximate weight of the thyroid gland. 

To conserve space, the following comments are restricted to the data 
presented by Kelly in his Table 1 and Figures 3 and 6; however, they are 
equally pertinent to the other figures shown. 

His Figure 3 is a plot of the surface area (determined from the scinti- 
gram) in em.” versus the observed weight of the lobes of the gland in grams. 
The author says, ‘‘One can see that there is no linear relationship between 
these measurements.” Actually, it is relatively simple to fit a straight line 
to the data. Thus, it would be concluded by inspection that as the surface 
area in cm.? increased, the observed weight of the gland also increased pro- 
portionately and that, therefore, there is a linear relationship between 
these two functions. Further, it is possible to test this relationship more 
precisely by applying the ‘‘method of least squares” and fitting the best 
straight line to the data. This has been done and the coefficients of deter- 
mination and correlation have been calculated. The coefficient of deter- 
mination as calculated is 0.96 and the coefficient of correlation is 0.98. 
Since a coefficient of determination of 1.0 and a coefficient of correlation 
of +1.0, depending on the slope of the line, indicate a probable perfect 
relationship between two paired variables, it can be concluded that a co- 
efficient of determination of 0.96 and a coefficient of rectilinear correlation 
of 0.98 indicate a high degree of probability that the relationship between 
the surface area in cm.? and the observed weight of the thyroid gland is 
best expressed by a linear relationship. 

Kelly’s Figure 6 is a plot of the calculated weights of the thyroid lobes 
in grams versus the observed weight of the lobes in grams. A solid line is 
also plotted representing the theoretically correct curve, obtained from the 
equation. The author observes that, ‘‘This figure demonstrates graphically 
the fact that the calculated weights are always too high” and “There is 
apparently no simple mathematical relationship between the product of 
the height times surface area, and the observed weight.’ This figure ac- 
tually demonstrates that the K value used in the author’s laboratory is too 
high by approximately 24 per cent.’ If such a correction is made and the 
weights of the glands recalculated from the data in Table I, using the em- 
pirical equation with a K factor of 0.23 instead of 0.32 (2, 3), the calculated 
weights are no longer always too high but distribute themselves above and 
below a line best fitting the data. 





1 Obtained empirically from his Figure 6 (1). 
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Some comnients on the K factor used in the equation are pertinent to 
the foregoing correction. It should be pointed out that the K factor will 
vary from one laboratory to another for the following reasons: (a) the 
degree of correspondence between the frontal area of the gland as indicated 
by the scintigram and the actual frontal surface area of the thyroid gland 
itself is a function of the collimation of the detector used on the scintiscan- 
ner and its distance from the gland at the time of the scan. These two fac- 
tors, collimation and distance, aré probably not identical in any two labo- 
ratories, and (b) the demarcation of the precise margin of the lobes of the 
thyroid gland from the scintigram is a matter of personal experience and 
judgment and therefore will not of necessity be the same for any two labo- 
ratories. 

If the recalculated weights of the glands from Kelly’s Table 1 are com- 
bined with similar data provided in references (2) and (3) and these calcu- 
lated weights compared with the observed weights (a total of 28 cases), 
a “standard error of estimate’? may be computed. The standard error of 
estimate equals +8.7 grams. This means that in two thirds of the cases it 
would be expected that the actual weight of the thyroid gland would be 
within +8.7 grams of the calculated weight. For a 100-gram gland, there- 
fore, it would be expected that the calculated weight would be within +8.7 
per cent of the actual weight in two thirds of the cases. This indicates that 
the percentage error decreases with increasing size of the gland and, as the 
weight of the larger thyroid glands is the most difficult to estimate by pal- 
pation, the empirical equation is of the greatest value in regions in which 
it is most needed. 

In summary it may be said that the approach made by Kelly (1) in 
evaluating an empirical equation (2, 3) for the estimation of thyroid gland 
weight was an excellent one. Unfortunately, however, his interpretation 
of the data presented was faulty. It has been’shown, contrary to Kelly’s 
conclusions, that the empirical equation (2, 3) does provide a method 
whereby the approximate weight of the thyroid may be calculated. 

Raymonp L. Lipsy, Px.D. 
Department of Radiology, 
University of California Medical Center, 
and the Radioisotope Unit, 
Veterans Administration Center, 
Los Angeles, California 
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EFFECT OF 1lla-HYDROXYPROGESTERONE ON 
REPRODUCTIVE SYSTEM OF NORMAL AND 
PREGNANT ADULT WISTAR RATS* 


To THE EpIToR 


A recently isolated derivative of progesterone, 1la-hydroxyprogester- 
one,! has been found to counteract the effects of both gonadotrepins and 
estrogens (1) when given to young female Sprague-Dawley rats. These re- 
sults suggested that the substance might also act as an abortifacient if 
given to female animals, the administration beginning about the time of 
insemination. Abortion might be induced by inhibiting placental formation 
of the gonadotropin necessary for the maintenance of the corpora lutea of 
pregnancy (2), or by interfering with the estrogen-progesterone stimulus 
for endometrial development and thus preventing implantation (3). 

In order to test this hypothesis the following study was carried out. 
Two groups of 3- to 4-month-old Wistar rats of matched weights were 
mated, the time of mating being determined by daily vaginal smears. A 
5-mg. dose of the progesterone derivative was administered subcutaneously 
daily throughout the gestation period. The hormone was suspended as a 
homogenate in a diluent composed of 0.4 per cent Tween 80, 1.5 per cent 
benzyl alcohol, 0.9 per cent sodium chloride and 0.5 per cent low-viscosity 
carboxy-methy] cellulose in distilled water. Five animals received the test 
substance in the diluent and 6 received the diluent alone. The animals were 
sacrificed immediately after delivery, at which time the ovaries, adrenals, 
pituitaries and uteri were removed, cleaned and weighed on a torsion 
balance. The organ weights, the duration of pregnancy and the litter size 
of the animals in the two groups were compared and the significance of any 
difference analyzed by the “‘t”’ test. 

The treatment had no significant effect on the duration of pregnancy or 





* This investigation was supported by a research grant from the Division of Research 
Grants and Fellowships of the National Institutes of Health, U. 8. Public Health Serv- 
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1 The lla-hydroxyprogesterone (Upjohn U-0384) was supplied by The Upjohn Co., 
Kalamazoo, Michigan. 
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on litter size (Table 1). No organs, except the ovaries, showed any signif- 
icant deviation in weight. The ovaries from the hormone-treated animals 
were significantly heavier (P>0.02, <0.05). This might suggest an 
ovarian-stimulating effect for the hormone and is difficult to reconcile 
with the antihormonal effects previously reported (1). In addition, the ani- 
mals which received the steroid showed a significantly smaller increase in 
body weight during the experimental period (Table 1; P <0.001). This 
suggests a possible toxic effect of 1la-hydroxyprogesterone on the growth 
of the animal. 


TABLE 1. CoMPARISON OF LITTER SIZE, DURATION OF PREGNANCY, ORGAN WEIGHTS 
AND PERCENTAGE BODY-WEIGHT GAIN DURING PREGNANCY IN FEMALES TREATED 
WITH 1la-HYDROXYPROGESTERONE THROUGHOUT PREGNANCY, AND FEMALES 
WHICH RECEIVED ONLY THE HORMONE DILUENT 








Duration of 
gestation 
(days) 


Organ weights in mg./100 Gm. body wt. Wt. gain 
No. of during 


females - pregnancy 
| adrenal | pituitary | uterus (%) 


Litter 


Treatment A 
size 














Diluent : ; 21.441.4 | 4.943.2 | 12504125 | 16.64+2.2 | 22.1+1.3 | 10.8+1.1 
Diluent + -2t| 25.34+1.4 5.8+3.7 | 1108+32 6.941.7$| 22.44+0.3 | 12.0+1.1 


U-0384* 




















* U-0384 =11la-hydroxyprogesterone. 
+ Significant by “‘t” test (P >0.02, <0.05). 
t Significant by ‘‘t’”’ test (P <0.001). 


In another experiment, the same dosage of hormone was given to non- 
pregnant Wistar females. These animals showed no significant changes in 
organ weight or in body-weight gain (Table 2). The absence of antihor- 
monal effects in the nonpregnant adults gives reason to doubt the existence 
of such a property for the test substance in females of this strain of rats, 
whereas the experiments with the pregnant animals suggest that 1la- 


TABLE 2. COMPARISON OF ORGAN WEIGHTS AND PERCENTAGE BODY-WEIGHT GAIN 
IN FEMALES TREATED WITH 1la-HYDROXYPROGESTERONE, AND FEMALES 
TREATED WITH THE HORMONE DILUENT ALONE 








Organ weights in mg./100 Gm. body wt. Wt. gain 

during ex- 
Treatment perimental 
ovary adrenal pituitary uterus period 
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Diluent : a y ; p s 210 +20.6 


9.14+1.2 
Diluent + ; : ; : : a4 208+17.4 | 7.4+0.7 
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* U-0384 = 1la-hydroxyprogesterone. 
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hydroxyprogesterone may have some stimulatory effect, which becomes 
apparent during pregnancy. This might be due to some interaction with 
the placental tissues or hormones. 

Thus, although the experiment was undertaken to determine if lla- 
hydroxyprogesterone would interfere with pregnancy when given to preg- 
nant rats, the data show that the substance has no antigonadotropic or 
abortion-producing properties when given to adult female Wistar rats. In- 
deed, the only positive response obtained suggests some stimulatory ac- 
tivity on the part of 1la-hydroxyprogesterone when given to pregnant 
animals, 

Dona.p H. Forp, Px.D. 
Department of Anatomy, 
State University of New York 
College of Medicine at New York City, 
Brooklyn, N. Y. 
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CHROMOSOMAL SEX IN “‘OVARIAN AGENESIS’’* 


To THE Epiror: 


Jost (1) has demonstrated that castration of the male rabbit fetus at a 
stage when the gonad can be identified, but prior to the differentiation of 
the genital tract, results in subsequent fetal and postnatal sexual develop- 
ment exclusively along feminine lines. Comparable observations have been 
made by Wells (2) in rats and by Raynaud and Frilley (3) in mice. Thus it 
appears that male sexual differentiation occurs only if testes are present to 
antagonize the inherent tendency of the fetus of placental mammals to 
feminize. This propensity may be autonomous, or a result of maternal 
factors. 

In human pathology, patients with the syndrome of ‘‘ovarian agenesis” 
might be considered the counterpart of the castrated fetus in the animal 
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experiments cited. If this supposition be correct, then certain of these in- 
dividuals should be genetic males who have developed as females because 
of an arrest in the development or a failure in the maturation of the fetal 
testes (4). 

Barr and his associates (5) have been able to determine the sex chromat- 
in pattern in man by means of histologic examination of skin. Biopsy 
specimens of the skin from 8 patients with the syndrome of “‘ovarian agene- 
sis’? have been studied with the kind assistance of Dr. Murray Barr and 
his coworkers at the University of Western Ontario. In 6 of these individu- 
als, male-type epidermal nuclei were found; whereas in 2, female-type 
epidermal nuclei were present. Thus certain patients with ‘ovarian 
agenesis” and with female development of the genital ducts and the ex- 
ternal genitalia, have a male chromosomal pattern in the cells of the skin. 
This would indicate that in the human, under certain circumstances, ab- 
sence of gonads results in a female genital system in an otherwise genetic 
male. It is apparent then that some patients with ‘ovarian agenesis’’ are 
chromosomally males. . 

A more detailed report, with a consideration of the clinical implications 
and the relationship to theories of sexual differentiation, is forthcoming. 

L. WILKINS 
M. M. GRuMBACH 
J.J. Van Wyk 


Harriet Lane Home, 
Johns Hopkins Hospital, 
Baltimore, Maryland 


Addendum 


Since this letter was submitted, Polani, Hunter and Lennox have reported the finding 
of male chromosomal patterns in 3 patients with ovarian agenesis (Lancet 2: 120-121 
(July 17) 1954.) 
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PERMISSIVE ACTION OF HORMONES* 


To THE Epiror: 


I wish to comment upon Professor Selye’s editorial consideration of 
“conditioning”’ versus ‘“‘permissive’”’ actions of hormones which appeared 
in this journal (1). Certain points can be considered in different perspective. 

The origin of the concept of permissive action is not fully known to me. - 
During my student days I heard Professor Walter B. Cannon say, in effect, 
‘“‘When a biologic response disappears following the removal of an organ 
it is unsafe to conclude that the missing response is a function of that 
organ.’’ Perhaps this great physiologist was the first to recognize the prin- 
ciple, or perhaps it was known at a still earlier day. Selye and Collip (2) 
recognized the supporting role of hormones in their excellent review pub- 
lished in 1936 but more than a decade passed before Selye embraced the 
concept in his consideration of adrenocortical function, for he has empha- 
sized the hypothesis (3) that many of the metabolic and morphologic ef- 
fects of stress are caused by an increase in the secretory activity of the ad- 
renal cortices. My research on the supporting versus the mediating role 
of the adrenal cortices in the metabolic responses to stress was initiated in 
1940, long after the concept of the permissive role of hormones had been 
recognized in principle and demonstrated by experiment. Subsequently, 
first in 1943 (4), I published new data and discussion which served to focus 
the attention of other investigators upon the concept. 

The conditions under which the term-‘‘permissive” was first applied are 
as follows: 1. The metabolic response to a stimulus occurs in the presence 
of an endocrine organ. 2. The response fails to become overt when the 
organ is removed and no replacement therapy is given. 3. The response is 
again elicited by an appropriate stimulus when a steady intake of hormone 
is substituted for the endocrine organ. The hypothesis that the response 
was caused primarily by an increase in the secretory activity of the gland 
is made untenable by condition 3. 

Selye has objected to the term ‘“‘permissive” on the grounds that it im- 
plies that the factor so designated has no active role in causing the response. 
I agree with this criticism. Selye adds, ‘‘Furthermore, allegedly, the pres- 
ence or absence of a permissive factor can only allow or disallow a reaction, 
but is unable to vary its intensity. To use an analogy, one might compare 
the production of light by an electric lamp to the biologic action and the 
switch to the ‘permissive factor’.’”’ I would not like for others to think that 
I have ever subscribed to so simple a view or would have chosen this anal- 
ogy which Selye has set up to criticize. The complexity of the problem was 
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recognized in my first paper (4) on the subject and has not been forgotten. 
It is true that there are a number of experimental situations in which the 
metabolic responses to a mild or moderate stress seem fully developed in 
adrenalectomized rats given a fixed maintenance dose of adrenocortical 
hormones but, as we have experimented with more severe forms of stress, 
it has become increasingly apparent that there is a positive relationship 
between the dosage of cortical hormones and the extent of response to a 
stressor. I have noted the relationship of a lubricant to the operation of 
a machine as an illustration of permissive action in a mechanical system 
but this is not truly analogous to the permissive role of hormones, since the 
lubricant does not accelerate the operation of the machine when used in 
excess; the cortical hormones do accelerate some metabolic processes when 
present in excess. For example, the negative nitrogen balance which char- 
acteristically follows a bone fracture in the rat does not become overt in 
the adrenally insufficient animal but does occur full-blown in adrenalec- 
tomized rats given a steady normalizing intake of adrenocortical extract. 
(5). A higher dose of the same extract will also cause a negative nitrogen 
balance. 

Selye and I agree that the word ‘‘permissive”’ is not adequately descrip- 
tive of the facts. I prefer the term “supporting,” but neither it nor any 
other word that has been suggested has quite the desired connotation. 
Selye suggests the term “conditioning” on the grounds that the presence 
of hormone is one of a pattern of conditions under which the response will 
occur. I have two objections to this term. First, the word “conditioning”’ 
is too general in its usual connotation. It does nothing to delineate the role 
of the hormone from the general pattern of causal factors, some of which 
may be inhibitory rather than supporting. Second, Selye has commonly 
used the term to refer to a set of abnormal conditions such as the high- 
sodium-chloride, high-protein diet necessary for the production of certain 
renal and cardiovascular changes which follow the overdosing of rats with 
adrenocortical and pituitary hormones (3), thereby giving it another con- 
notation which does not suit our purpose here. 

I also question the following point made by Selye: “ . . . we consider it 
proper to designate a manifestation of stress as ‘due to hypercorticoidism,’ 
whether it results from an actual increase in corticoid production or from 
a selective sensitization of target organs to these hormones, through some 
conditioning factors. This manner of expression is in keeping with common 
English usage. For instance, we speak of a room as being ‘overheated,’ 
not only when more heat is produced by the furnace, but also when an in- 
crease in the outside temperature or better heat insulation lessens heating 
requirements. In either case, it is correct to say that ‘the heating system is 
overworking’.”’ I am not willing to accept these situations as analogical, 
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nor am I willing to avcept the concept that nonspecific stress can sensitize 
the tissues to the action of these hormones so that hypercorticalism ensues 
on a fixed dose. There is abundant evidence that the opposite is true, 7.e., 
hypocorticalism ensues when an adrenalectomized animal given a fixed in- 
take of cortical hormones is exposed to severe stress. 

Consider the hyperglycemia caused by trauma in the intact rat, an ex- 
ample cited by Selye. Hyperglycemia fails to occur in the adrenally in- 
sufficient rat but it does occur in similar rats treated with threshold doses 
of adrenocortical extracts: Selye concludes “‘that the metabolic changes in- 
cident to stress produce favorable conditions for the manifestation of the 
hyperglycemic effect of glucocorticoids.”’ This is not the only interpreta- 
tion to be made of the data. Other substances and systems of the body 
affect the level of blood glucose. The permissive dose of adrenocortical 
hormones may merely support or normalize the responsiveness of extra- 
adrenal mechanisms. This view, that extra-adrenal mechanisms may re- 
quire the presence of the cortical hormones to support normal responsive- 
ness, is in my opinion not weakened by evidence that the extent of response 
can also be modified by a change in titer of these hormones. 

Dwieut J. INGLE, Px.D. 
The Ben May Laboratory for Cancer Research, 
University of Chicago, 
Chicago, Illinois 
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Questions and Answers 


(Questions submitted at the 1953 Postgraduate Assembly of the Endocrine Society 
and the University of Minnesota Medical School) 


Answers by Lawson Wilkins, Johns Hopkins Hospital, Baltimore, Md. 


Question: What is the proper age for the use of testosterone in individuals of short 
stature? In what dosage and for how long? How much growth may be expected? Are 
there any difficulties? 


AnswER: There is considerable difference of opinion on these questions. The writer be- 
lieves that as a rule it is probably best to postpone the use of testosterone until a boy is 
16 or 17 years of age and it is evident that he is not going to develop sexually. Before 
this age it is usually impossible to distinguish with certainty between constitutional 
delay in the onset of adolescence, and pituitary dwarfism with infantilism. Treatment 
with testosterone of a young boy without pituitary deficiency may cause a spurt of 
growth but probably does not alter the ultimate stature which he will attain. There is 
a possibility that testosterone may damage the immature testes and inhibit gonado- 
tropic secretions, preventing the maturation of a normal pituitary-gonadal mechanism. 
Between the ages of 10 and 16 years, short stature is very often due merely to a consti- 
tutional delay in the onset of puberty with its accompanying growth spurt. Such boys 
attain normal height without treatment at a later period. In occasional cases, for psy- 
chologic reasons, it is advisable to attempt to hasten the onset of adolescence by a course 
of chorionic gonadotropin (1,000 to 2,000 units twice a week) for a period of from three 
to six months. In true cases of pituitary dwarfism with persistent sexual infantilism, 
testosterone should be given. The ultimate results are not affected by waiting until the 
patient is 17 years or older. 

In cases of pituitary dwarfism with sexual infantilism, androgen may be given in the 
form of oral or sublingual methyltestosterone, 30 mg. daily, or as intramuscular injec- 
tions of one of the long-acting depot testosterone preparations, 200 to 400 mg. every 
three or four weeks. In addition to development of the male secondary sexual character- 
istics, the patients show increased muscular development and stamina, improved psy- 
chologic assurance and pep, and a spurt of growth. Growth occurs most rapidly during 
the first year, when it may amount to 4 or 5 inches. It slows gradually during the next 
year or two as epiphyseal fusions occur, so that the total increment is usually from 5 to 9 
inches. 

Jaundice has been reported occasionally with the use of methyltestosterone but it is 
exceedingly rare. There have been no ill effects from the preparations of depot testoster- 
one. 


QuEstTIon: Please discuss briefly the use of androgens in premature infants. 


Answer: Although it was reported at first that the administration of methyltestosterone 
increased the weight gain of premature infants, subsequent carefully controlled studies 
failed to demonstrate either increased gain or nitrogen retention. There seems no 
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indication for its use, as the premature infant seems to be in an unusually active phase 
of protein anabolism, capable of growing and gaining rapidly if supplied with adequate 
calories and protein and kept free from infections. 


Question: Please discuss the use of testosterone for enuresis. 


AnsweERr: It has been stated that some cases of enuresis are improved by administration 
of testosterone. However, it is most difficult to evaluate any type of therapy in enuresis 
of psychogenic origin. The writer does not believe that testosterone has any place in the 
treatment of this condition. In cases of enuresis it is most important to exclude any 
anatomic or neurologic abnormality or renal disorder. In cases of entirely functional 
origin, psychotherapeutic measures, fluid restriction, and the use of autonomic or seda- 
tive drugs should be tried. 


Answers by Charles Lee Burton, Yale University School of 
Medicine, New Haven, Conn. 


Question: If the basal body temperature drops after an initial rise at the time of ovula- 
tion, or if a rise is seen, what interpretation do you give? (Basal temperature—97.2° 


down to 96.6° F.) 


ANSWER: Since the temperature rise following ovulation is probably due to progesterone 
secretion by the corpus luteum, a temperature rise followed by a drop represents either 
a rise due to something besides ovulation (such as an intercurrent infection or lack of 
sleep the night before) or else inadequate progestational activity. This can be deter- 
mined by endometrial biopsy. 


Question: How do you treat ovulation bleeding? What do you do to establish this diag- 


nosis? 


ANSWER: So far as establishing a diagnosis of ovulation bleeding is concerned this can 
be done by investigation of basal body temperature charts and by obtaining a biopsy 
specimen of endometrium. If bleeding occurs at the time of the characteristic mid-cycle 
temperature rise and if endometrial biopsy shows the characteristic development of the 
endometrium at the time of ovulation, then it may be concluded that the bleeding is 
actually ovulation bleeding. It is not necessary to treat this type of bleeding. 


Question: What is the cause of ‘Swiss cheese” endometrium? 


Answer: This type of cystic and glandular hyperplasia or, as it is sometimes called, 
adenomatous hyperplasia, is the result of prolonged, unrestra‘sed and unopposed estro- 
gen activity. It may be controlled by curettage and subsequent progesterone therapy. 
The latter should be carried out for about ten days, beginning about two weeks after 
the curettage, and should consist of 10 mg. per day of progesterone injected intramuscu- 


larly. 


Question: Please describe the endometrium in the Stein-Leventhal syndrome. 


ANswER: Since amenorrhea is one of the symptoms of the typical Stein-Leventhal pa- 
tient, the endometrium is usually of the inactive proliferative variety. This, however, 
is by no means always the case, and occasional instances of bilateral polycystic ovaries 
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are observed in which ovulation actually occurs and consequently secretory endome- 
trium is found. 


QuEsTIoNn: Please discuss hormonal inhibition of postpartum lactation. What is the best 
way to combat subsequent profuse estrogen-withdrawal bleeding? 


Answer: Postpartum lactation can be controlled in most instances by simple fluid re- 
striction and a tight breast binder. As a matter of fact, in the Sloane Hospital for Women, 
inhibition is attained satisfactorily without any hormonal treatment; therefore, prob- 
ably the best way to combat profuse estrogen-withdrawal bleeding is not to give the 
estrogen in the first place. However, if estrogen therapy is used to inhibit lactation it 
should be withdrawn very gradually. This gradual withdrawal sometimes prevents the 
profuse bleeding which is likely to occur otherwise. 


Answer by E. C. Reifenstein, Jr., Schering Corporation, Bloomfield, N. J. 
QueEsTIoN: What is an abnormal hormone? How do you determine its presence? 


ANswER: The question probably refers to steroids produced by tumors of the adrenal 
cértex or the gonads, which are not produced by these glands when they are functioning 
physiologically. These substances cannot be identified except by elaborate chemical 
procedures such as chromatography and infrared techniques applied to the isolated 
purified material. 


Answer by E. P. McCullagh, Cleveland Clinic, Cleveland, Ohio 


Question: Is methyltestosterone fully as effective when swallowed as when given as 
linguets? 

ANswER: Greenblatt states that the sublingual administration of methyltestosterone has 
yielded at least as favorable results as has the oral administration. Lisser and Escamilla 
showed that the sublingual administration of methyltestosterone in glycol was an 
effective method and they believed from their observations that with sublingual ad- 
ministration a smaller dose was effective than with oral therapy. 





IRA T. NATHANSON, M.D. 
1904-1954 


N May 3, 1954, Dr. Ira T. Nathanson spoke to the second year 

Harvard Medical School class on ‘‘The Natural History of Cancer.” 
He completed his lecture, answered questions, and left the lecture hall. He 
collapsed and died of a heart attack in the anteroom a moment later. Thus 
ended a life devoted to a quest for the cure of cancer. 

Dr. Nathanson was born in Virginia, Minnesota, on July 20, 1904. He 
received his formal training at Northwestern University, a B.S. degree in 
1926, an M.D. in 1930, and an M.S. in Physiology in 1934. From 1929 to 
1934 he was an intern, Assistant in Surgical Pathology, and Resident in 
the Tumor Clinic at Michael Reese Hospital, Chicago. In 1934 began an 
association with Harvard Medical School and the Pondville Hospital, 
which continued for the next twenty years. At this time, as Littauer 
Fellow in Surgery at the Collis P. Huntington Memorial Hospital of 
Harvard University, Dr. Nathanson started pioneer work on the identi- 
fication of sex hormones; and at the same time completed a classic series 
of clinical studies on the life expectancy of patients with various types of 
cancer. In 1940 he was invalided with tuberculosis, a time of enforced rest 
which served to crystallize the form of a book published soon thereafter 
by Taylor and Nathanson on “Lymph Node Metastases.” In the war 
years his efforts were joined with those of the whole Huntington Memorial 
group in studies on shock and traumatic infection. These investigations 
emphasized the role of local fluid loss in converting traumatic tissue damage 
into outspoken shock; and pointed to the importance of clostridial infec- 
tions as a complication of severe trauma. 

The then current finding of Huggins that cancer of the prostate was 
favorably influenced by castration or by administration of female sex 
hormones influenced Dr. Nathanson’s thinking, and gave encouragement 
to his previous hope that cancer of the breast might be similarly influenced 
by hormones—and so indeed it proved to be. Following cautious treatment 
with female sex hormones of several patients with advanced breast cancer, 
he was elated to observe unmistakable evidence of regression in certain 
cases. In pursuit of this finding and its explanation, his life reached a fever- 
ish tempo from which it never slackened. 

Dr. Nathanson served generously and in many ways in the cause of 
cancer. He was vitally concerned both that no chemotherapeutic agent of 
promise should be neglected, and that no false or shaky claim should go 
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Ira T. NATHANSON 


unchallenged. Dr. Nathanson was Cancer Teaching Coordinator of Harvard 
University and Associate Clinical Professor of Surgery, Associate Visiting 
Surgeon and Executive Secretary of the Tumor Clinic at the Massachusetts 
General Hospital, Chairman of the Therapeutic Trials Panel of the Ameri- 
can Medical Association, member of the Committee on Growth and 
Chairman of the Committee on Cancer Diagnosis and Therapy of the 
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National Research Council, Visiting Surgeon at Pondville Hospital, 
member of the Board of Directors of the American Cancer Society, and a 
member of the Endocrine Society. This does not complete the roster of his 
scientific societies, but indicates the intensity of his personal crusade 
against cancer. 

About him grew a laboratory skilled in the separation and identification 
of steroid compounds. On the national scene he stood nearly alone, as an 
example of the fusion in a single individual of the two approaches to this 
problem—the pragmatic one of the surgeon confronted by a patient with 
the disease, and the long-range point of view of the laboratory man search- 
ing for newer and sharper tools to use in the combat. Few students could 
fail to catch the enthusiasm of his lectures. It is fitting that he should have 
been engaged during the last moments of his life in describing to a new 
medical generation the gathered experience of his lifetime work. 

Dr. Nathanson is survived by his parents, Mr. and Mrs. H. J. Nathanson 
of Virginia, Minnesota, and a sister, Mrs. J. N. Urwitz of Toledo, Ohio. 





THE 1955 ANNUAL MEETING 


The Thirty-seventh Annual Meeting of The Endocrine Society will be 
held in the Chalfonte-Haddon Hall Hotel, Atlantic City, New Jersey, on 
Thursday, Friday and Saturday, June 2, 3 and 4, 1955. 

Dr. Matthew Molitch, 705 Pacific Avenue, Atlantic City, New Jersey, 
is in charge of the local arrangements for the meeting. 

All Scientific Sessions will be held in the Chalfonte-Haddon Hall Hotel. 

The rooms in which each session will be held will be announced in the pro- 
gram and on the hotel bulletin board. The annual dinner is scheduled for 
Friday, June 3, at 7:30 p.m., preceded by cocktails at 6:30 p.m. 
_ All members are urged to make hotel reservations immediately, as the 
hotels expect to be filled to capacity. Correspond directly with Chalfonte- 
Haddon Hall, advising time of arrival and departure. Make your reserva- 
tions now and avoid disappointment. 

Those wishing to present papers, (time limited to ten minutes) should 
send four copies of the title and abstract to the Vice-President, Dr. E. B. 
Astwood, 30 Bennet Street, Boston 11, Massachusetts, not later than 
February 1, 1955. It is imperative that the abstracts be informative and 
complete with results and conclusions in order that they may be of refer- 
ence value and suitable for printing in the program and Journals of the 
Society. The following regulations for the preparation of abstracts and 
titles must be carefully followed to insure consideration of the paper for 
the program: 

1. Abstracts may not exceed two hundred words, or equivalent space, 
exclusive of title. Neither footnotes nor acknowledgments to sponsors 
can be published. References, if used, should be placed in the body 
of the text. The abstract should consist of a single paragraph, if pos- 
sible. Structural chemical formulas cannot be used. 

2. The title heading should be arranged as follows: 

Line 1. Title, not to exceed fifteen words. 

Line 2. Author/s. The name of each nonmember-author collabo- 
rating with member-authors is to be followed by the phrase 
“(by invitation).’”’ Names of nonmembers who are intro- 
duced, 7.e., who are not collaborators with member-au- 
thors, are to be followed by the phrase ‘(introduced by 
... ).” The principal degree, e.g., M.D., of each author 
should be given after his name. 

Line 3. Institute of origin and city in which institution is located. 
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3. The body of the abstract, typed double-space, should follow the head- 
ing. The original copy should be on bond paper. There should be 
three copies. 

4. Abstracts should be letter-perfect, as there will be no opportunity for 
proof reading by authors. 

5. Abstracts not conforming to the foregoing regulations will be returned 
to the authors. 


THE 1955 AWARDS AND FELLOWSHIPS 


The selection of the recipients of the awards of The Endocrine Society 
is made by a Committee appointed by the Council of the Society. These 
awards and fellowships carry no obligation by the recipient to the Society 
or to the donors. 


MEDAL OF THE ENDOCRINE SOCIETY 


In 1954 the Council of the Society voted to establish a medal and an 
honorarium of $1,000 to be given to an individual for work of special dis- 
tinction in endocrinology. The recipient shall be chosen from nominations 
presented by members of the Society and is limited to citizens of the 
United States and Canada. 


THE CIBA AWARD 


The Ciba Award, to recognize the meritorious accomplishments of an 
investigator not more than 35 years of age in the field of clinical or pre- 
clinical endocrinology, was established in 1942, but no recipient was se- 
lected in 1942 or 1943. In 1944 the Award was presented to Dr. E. B. 
Astwood; 1945—Dr. Jane A. Russell; 1946—Dr. Martin M. Hoffman; 
1947—Dr. Choh Hao Li; 1948—Dr. Carl Heller; 1949—Dr. George Sayers; 
1950—Dr. Oscar M. Hechter; 1951—Dr. Albert Segaloff; 1952—Dr. Sey- 
mour Lieberman; 1953—Dr. Sidney Roberts and Dr. Clara Szego (Mrs. 
Roberts) ; 1954—Dr. Isadore M. Rosenberg. Prior to 1952 the Award was 
$1,200. It is now $1,800. If within twenty-four months of the date of the 
award, the recipient should choose to use it toward further study in a 
laboratory other than that in which he is at present working, it will be 
increased to $2,500. 


THE AYERST, McKENNA AND HARRISON FELLOWSHIP 


This Fellowship was established in 1947. It is designed to assist men or 
women of exceptional promise in furthering their advancement towards 
a career in endocrinology. The Fellowship is awarded on alternate years 
(1955, 1957, -etc.) and the stipend, which will not exceed $5,000, may be 
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divided into two Fellowships in varying amounts in accordance with the 
qualifications of the appointees. Individuals possessing the M.D. or Ph.D. 
degree, or candidates for either of these degrees, are eligible for appoint- 
ment. 
Applicants must submit the following information: 
1. Evidence of scientific ability as attested by studies completed or in 
progress. 
2. Recommendations from individuals familiar with the candidate and 
his work. 

. A proposed program of study. 

. Acceptance of the individual by the head of the department in which 
the Fellowship will be held. 

. A statement that he or she will serve full time if awarded a Fellow- 
ship. A small amount of time (10 to 15 per cent) may be spent in 
course work or participation in teaching, the latter purely on a volun- 
tary basis. 


THE SCHERING AND THE UPJOHN SCHOLARS OF 
THE ENDOCRINE SOCIETY 


The Council of The Endocrine Society has established a category of 
Scholars. These grants have been made available through the generosity of 


the Schering Corporation and the Upjohn Company, and will be awarded 
to established investigators and teachers in the field of endocrinology who 
wish to extend their opportunities for work either in this country or abroad. 

The awards will not exceed $2,500 annually for each individual and 
will be granted on the basis of proposals submitted by the applicant. 
Such applications should include the estimated financial needs. The funds 
may be used for travel, maintenance and other expenses. 


Nominations 


Nominations for the Medal of The Endocrine Society, the Ciba Award 
and the Ayerst, McKenna and Harrison Fellowship may be made by any 
member of The Endocrine Society. They should be submitted on forms 
which may be obtained from the office of the Secretary, Suite 319, 1200 
North Walker Street, Oklahoma City 3, Oklahoma. Completed nominations 
should be returned to the Secretary not later than November 1, 1954. 

Proposals for appointments as Scholars of The Endocrine Society should 
be made in writing by the individual, and addressed to the Secretary of the 
Society. They should be submitted by November 1, 1954. The Awards Com- 
mittee will meet in November and notice of awards to successful nominees 
and applicants will be made not later than December 1, 1954. 








The American Goiter Association 






THE 1955 ANNUAL MEETING 


The next annual meeting of the American Goiter Association will be held 
in Oklahoma City, Oklahoma, at the Skirvin Hotel, April 28, 29 and 30, 


1955. 







VAN METER PRIZE AWARD FOR 1955 


The American Goiter Association again offers the Van Meter Prize 
Award of Three Hundred Dollars and two Honorable Mentions for the 
best essays submitted concerning original work on problems related to the 
thyroid gland. The award will be made at the annual meeting of the 
Association which will be held in Oklahoma City, Oklahoma, April 28, 29 
and 30, 1955, providing essays of sufficient merit are presented in compe- 
tition. 

The competing essays may cover either clinical or research investiga- 
tions, should not exceed three thousand words in length, must be presented 
in English, and a typewritten double-space copy in duplicate sent to the 
Secretary, John C. McClintock, M.D., 1493 Washington Avenue, Albany, 
New York, not later than January 15, 1955. The committee, who will re- 
view the manuscripts, is composed of men well qualified to judge the merits 
of the competing essays. 

A place will be reserved on the program of the annual meeting for the 
presentation of the Prize Award Essay by the author, if it is possible for 
him to attend. The essay will be published in the Annual Transactions of 


the Association. 


AMERICAN GOITER ASSOCIATION AWARD OF 
MERIT FOR 1955 


The American Goiter Association Award of Merit and its honorarium of 
$1,000.00 is again offered by its anonymous donor for 1955. Brown Dobyns, 
M.D., received this award in 1954. 

The terms of the gift specify that this sum shall be given to a member of 
the Association, under 45 years of age, who has made the most important 
contributions to the knowledge and understanding of thyroid disease or 
the treatment of thyroid disease. 

Candidates for this award are to be nominated by members of the Asso- 
ciation. When making a nomination complete details of the nominee’s 
present and-past positions and training must be submitted. A complete 
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bibliography of the nominee’s publications is required. A full explanation 
of the reasons for nominating the candidate must be given. 

The candidates submitted are to be reviewed by an anonymous commit- 
tee appointed by the president. The chairman of this committee will pre- 
sent the deliberations and decisions of said committee to the Executive 
Council in advance of the annual meeting. 

The award is to be called The American Goiter Association Award of 
Merit and it shall be presented at the annual banquet. 

Members of the American Goiter Association are requested to send 
nominations in duplicate to this secretary, making certain the information 
required by the deed of gift is included. All nominations must be received 
not later than February 1, 1956. 

Joon C. McCuintock, M.D. 
Secretary, 

1493 Washington Ave., 
Albany 10, N. Y. 


THE ASSOCIATION OF MILITARY SURGEONS OF THE 
UNITED STATES 


The 61st Annual Convention of the Association of Military Surgeons of 
the United States will be held November 29-30, December 1, 1954, at the 
Hotel Statler, Washington, D. C. The program will cover a wide range of 
professional and scientific subjects which should be of interest to all those 
engaged in military medicine and the federal health services. The latest 
advances in medical and allied sciences will be shown in a large variety of 
technical exhibits and films. 

For the entertainment of the members and guests, a full schedule of 
events is being arranged. As in the past, one of the outstanding features 
is the Honors Night dinner on December 1, at which the Sir Henry Well- 
come Medal and Prize, The Gorgas Medal, the Stitt Award, the McLester 
Award, the Louis Livingston Seaman Prize, and the Founder’s Medal will 
be presented. 

The granting of credit points for retirement to eligible reserve officers for 
attendance at meetings is expected to be announced soon by the Depart- 
ment of Defense. 


THIRD PANAMERICAN CONGRESS OF ENDOCRINOLOGY 


The Third Panamerican Congress of Endocrinology will be held Novem- 
ber 21-27, 1954, in Santiago, Chile. For information regarding registration, 
regulations and program, write to Dr. Francisco Donoso, Avenida Presi- 
dente Erradzuriz No. 3471, Santiago, Chile. 











BOOK REVIEW 


Histology by Roy O. Greer. New York, N. Y., The Blakiston Company, Inc., 1954, 

Price $15.00. 

This book is written in part and edited by Dr. Roy O. Greep, Dean and Professor of 
Dental Science at Harvard School of Dental Medicine. All of the other contributors are 
now, or were at one time, members of the Harvard University Medical School Staff. 

Modern histology has adopted many of the disciplines and tools of biochemistry and 
physicochemistry. Histochemistry and the electron microscope have also become the 
tools of the histologist, and with them he has gathered an enormous amount of new in- 
formation on the structure and chemical composition of tissues. For embracing and inte- 
grating a large amount of new information on the structure of tissues, Greep’s Histology 
has no parallel. 

In general, the book is well written, but the writing is sometimes uneven. Some of the 
authors write tersely, but others tend to orate and occasionally even chatter. This adds 
to the length of the book, which has 953 pages. One feels that some of the chapters might 
have been shortened without sacrificing either material or clarity. 

The book covers the microscopic anatomy of all the tissues and organ systems of the 
body. Even the pineal body is treated in a brief chapter. Material on the connective tis- 
sues has been separated into 4 chapters and that on blood and lymph into 5 chapters. 

Each of the 35 chapters is arranged in a similar pattern. The subject is introduced, 
its developmental history is outlined, and then its microscopic anatomy is described. 
In some cases references to histochemical findings are woven with the histologic descrip- 
tions; in others they are set aside. In either case, discussions of cytochemistry are usually 
very lucid and add a good flavor to the book. There is no reason why the beginning stu- 
dent of histology should not be able to handle these references. The material is up-to- 
date and usually well illustrated and documented. Most of the photomicrographs and 
half-tone and colored drawings are superlatively executed. A few photographs are notably 
poor. It is possible many of the photomicrographs have suffered from being reproduced. 

Each chapter terminates in a bibliography. Some of the bibliographies are chosen 
with care, but others are too long, and not particularly pertinent. The tendency of some 
of the authors to cite with great frequency titles by the Harvard group is understandable. 
The inclusion of full titles and pagination of articles cited is laudable. 

This is not the place to call attention to the individual parts of the book; yet one must 
mention the chapters on connective tissues and particularly the chapter on the nervous 
system. These are the finest brief accounts available. It is remarkable that their authors 
have managed to include so much information in such succinct, readable style. 

The book introduces the student to the newer methods in morphology and correlates, 
whenever possible, structure with function. These are its most important contributions. 
Morphology is here presented from a functional point of view and it is rarely static. 
Although it is not possible to state the precise function of each tissue component, it 
is of cardinal importance that the student be indoctrinated with the fact that struc- 
tures are not ornaments and must have functional significance. Greep’s Histology 
performs this task admirably. 

The book is a worth-while and challenging experiment. It deserves a trial. It is too 
long for a semester course in histology and it may be too detailed and tedious at times, 


but if the instructor is not overwhelmed by it, neither should the student be. 
Witu1am MontTAGNA 


Brown University 









